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ARSTRACT

There is a need for npisture separators that
are at least 99% efficient in renoving entrai ned water
particles in the 1-10 micron (u) range from an air stream
This program was conducted to determine if commercially’
avai |l abl e separators were efficient in this range -and, if
they were not, to develop .a new type of separator -which
woul d satisfy t he requirenents. -

Five commercially available entrained. noisture'
separators were tested f or performance in the [-10 mcron
particle-size range. The MBA Type G and the AAF Type T
separators were greater than 99% efficient in renDV|ng .
particles in this range fromatnospheric to. PWR post-
accident (incident) conditions. The York Type 321 SR
separator failed to contain the separated water within
the drains of the unit and re-entrainment occurred. The
Farr Type 68-44ZH and the Monsanto bafflas-type 'sSeparators
were inferior because of visible and neasured penetration.

MBA test details and results are summarized in
-this report. Survey results; resenting-the status 0%
entrainment separators and--nEJJa for 1-1¢ micrcn service,
together with nmethods of neasuring and generating particles
in this range, have been previously reported.l,2.
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ENTRAINED MCISTURE SEPARATORS FOR FI NE PARTI CLE WATER-AIR-STEAM
SERVI CE: THEI R PERFORMANCE, DEVELOPMENT AND STATUS

1. | NTRODUCTI ON

The objective af this effort was to determ ne-the
availability of entrained noisture separators which are efficien-
in rezoving water droplets in the 1-10 micron (u) size range fro-
an air-stream The MSA acceptance criteria for noisture sepzratc
operating at PWR post-accident (incident) conditions were: z943
renoval of water-particles in the 1-10 mcron range as determinec
by measurenent and visual observation, a rated flow of at- |east
1600 sCFM, and a pressure drop of -approximately 1 in. water colur
(w) at rated flow If there were no commercia.. separators wiich
could perform satisfactorily, ane was to be developed. \Wile manr
appl i cations, such as acid-plant ef fluents3, require high-removal’
efficiency in the submcron particle-s& range-and standard proc
‘ess reguirements, such as iistillation?, commcnly depend upoz
particle separation in the high, 10—1000 m cron size range, =nany
applications remain particularly for the internediate 1-10 micron .
size range. One of these would be for inproved performance iz

"~ separating entrainment from steamto the-low pressure turbine of
nucl ear - power ed naval ships.5 Anot her woul d be-for renpval of
noi sture fromgas to catalytic recombiners and simlar systems of
this type in nuclear power plants, Gne of the most publicized
current applications is for use in the air-cleaning systems iz
the containment of boiling or pressurized water reactors.6,7,%,9

Pressuriied water reactor (PWR) systens for the gensrat:i-
of electric power normally provide several containment air-clesanin
systens using noisture segarators for the protection of high
efficiency partlculate air (HEPA) .filters, charcoal adsorbers, an-:
ot her conponents in those systens. Many of these air-cleaning
systens are reserved fox energency service in the event of |oss
of cool ant which may-occur upon rupture of a major conponent or
piping in the PWR. |Incident conditions of elevated pressure and
tenperature may occur within seconds and nmay | ast for a few hours
to several days before being adequately suppressed by recirculati-
air-cleaning systens which cool and condense steam and collect
solids and gaseous fission products. Although anticipated Pwr
i nci dent contai nnent conditions, under which entrained separators
nust operate, vary sonmewhat ovex the many installations, Table 1
illustrates sone of the maxi mum | evel s expect ed. The pressure-
tenperature values for Indian Point-2 Reactor were selected as
typical for testing on this project.

Initial phases of this effort included a review.of ai1
available literature and data on entrainment separators, particuls:
for the 1-10 micron water droplet service ranage. When i+ herams .




g~-n adAy vsu
aatt f 0L-08¢

sAexds oyTneaplky
(g

¥6°66

uoTl09301d
¥d3H Xod

Wes3s PaIsUIPuUo)
sn1d skeadg

0°'1

6§
€8¢

n o odAy, <mz
a>z o 0gg

mmwmum DT TneIpAH

(paT3708ds 30N)

$6°66

- uoT309301g
Yd3dH uOh

Emoum @mmcmﬁcou_

sn1d sheadg

££°0

oM Ut pT
Ly
Tz

Caai o oove
sieads orrneaply

. uoT3IOe3x01d
vddy 204

Emmuw pasuspuo)
. sn1d sdlexds

0°8"

0%
192

U TTE UI0X
2TV Ut
Pasuspuo) wessg

(pa3eTnoIed)
o oT-1

$6°66
UoT309301g

YdaH 204

EmwwmﬁvomQGVﬁcu

S
4

moT3
pejex sowTy g-f

Y we3sks +°sowry

e,

pesn xone:
poy3oN

Zej30ureTq 3eTdC
KoueToT33q TRAOU
1Aang xoje:

odiy

495 000T/aT ‘Bufpt

tJUDWUTY

abxng aant

prsd ‘eans

a ‘eanjeas

pe-LNIOd AINUAL

cC-INIOd RVIQNT

.mmmx2<> LOAODILOANNOD

hmu>Hm HYNNVAVS

SLNIMNNIYLNOD mosu«@m HYVYATONN UMd TVIIJAL

mZOHaHQZOO O:HB<MNQO BZNQHOZH WANIXVI -

1

T aT4vL




| [ET2Y RESEARCH CORPORATION

apparent that very little information was available. for separato=:
in this range, the literature surveyl was broadened to inclule
avai |l abl e information on the neasurenent and_generation of wzter
droplets in this range. Simlarly, a survey4 of commercially
available separators was broadened to include suppliers of
potentially effective nmedia for the 1-10 micron particle size
range.

Survey results revealed that the only practical apsroac:-
‘for water particle analysis in the 1-10 mcron size range readil:
adaptable to separator efficiency tests was the cascade-impaction
nmet hod. Pneumati c atom zing nozzles offered the best hope for
genei ati ng appreciable bulk quantities of-1-10 mcron-particle
size entrainment for test purposes.. _ Five commercial separators
were purchased for test performance evaluation particularly in t&-
1-10 micron size range. These units were the MSA Type G-5, 2AF
Type T, York Type 321 SR Farr Type 68-44MZZ, and a Mnsanto
standard baffle-type separator.. O these, two exhibited.satis-
factory efficiency in the-1-10 m cron range, so that development
work was not needed. Test pnrecedvrés, equipment, and results ars
presented in the body of this report.

R,

4 e
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2. SUMMARY

| ndi cations of the response of the several separators
to liquid Farticles of various sizes included: 0.3 - 0.5 - 1.1
m cron DOP* penetration measurenents; 2.5 - 10 mcron impactor
fraction sanpling; manufacturer's rating of entrainnment generating
nozzl es: neasurenment of entrainnent renoved within the ssparatzsr,
‘collected in the downstream duct, collected by the downstream
HEPA, and by visual observation of the challenge and effiuent
streanms: ©PDOP, or other calibrated stable particle tests, parti-
cularly. in the 0.6 - 1.1 micron sjze, Sserve as a rapid izdex to
expected separator efficiencies in the lower particle size range.
| npaction sanpling-offers the best known currently avail abl e
" method for characterizing f-10 mcron-particles.

MSA test results of the five comercially available
separators can be summarized as follcows:

The MSA Type G 5 moisture- separater was greater than
99% efficient in renoving water particles in the I-10 mcron
range at mixed entrainnment |loadings up to 6.7 1bs/1000 cz ft:
from near-saturated air streans, ranging from anbient tc elevat=d:
- conditions of 271 ® and 47 psig. No penetration was visible
measured in the-2.5-- 10 nmicron range: 0.6 mcron DOP pemetration
was 80% and 0.3 micron DOP penetration was 396%.

The AAF Type T entrai nnent separator was simlarly
acceptable for entrainment renoval service adequate for EEPA
filter protection service in the I-10 mcron range at mned_
entrai nnent |oadings up to 6.5 1bs/1080 cu ft. Ne penetration
was visible or measured in the 2.5 = 10 mcron fraction, DCOP psze-
tratian was 93% far 0.6 micron and.95% for 0.3 micron. Eemowval of
the bulk of large particles, without agpreciable increase in
differential pressure (AP), can be attributed to the baffled ixlet
section. The upper tenperature limit is not known;, howewer, at
271 F, the binder in the glass was observed to darken the glass
and color the water droplets clinging o fiber streamelsS in the
effluent air stream \ater leaked out «f both |ower welded
corners at the rear of this separator. These leaks Were sealet
with a silicone adhesive far test operation.

* Penetration neasurenents using Dioctylphthalate (DOP) aeroscis
are common practice in testing of high efficiency particulats
air filters. It was adapted here to secure a non-destructize
conpari son of potential. performance.

or
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The York Type 321 Sr separator was judged uwacceptzble
for normal HEPA protection service when used as supplied because
of the re-entrainment from the ddwnstream face, as described bel-
Xo fine entrai nment penetration was visible or nmeasured in tie
2.5 - 10 mcron range at anbient conditions. The DOP penetrzticn
was 69% for 0.6 mcron and 93% for 0.3 micron, but the different:
pressure was 1.29 in. WC at rated flaw at anbi ent con&tions

whi ch -exceeds-the Savannah River specifications of 0.%3 * 0.35 i-

WC. Penetration neasurenents of 1.1 micron DOP for twelve 1layers
of Teflon nedia at the sane inlet velocities and pressare | oss

were 56% for the York nedia and 38% for conparable MS2 Teflez med
The York separator was not selected for testing at incident cond:
tions since in the anbient, horizontal gas-flow tests with £ine
entrained particles,-the separated-liquid. flowed to the downstresa: .
face of the separator and was bl own off or re-entrained from the
| ower two-thirds of the downstream separator face. Two modes of
re-entrai nment were observed. The pool which accunul ated in the
bottom of the frane simply overflowed the frame and the air shear:

some large-drops from the top surface of the pool. These feil

rapidly but had some horizontal motien inparted Dby the air £lcw.
QG her drops -- ‘also larger than the entering dropiets -- feill fx:
-points higher up an the downstream face of the separator, oxly

a small portion of the renoved water was contai ned witk:in ths
separator case and drained through the twa 1/4 NPS nozzl es provid
in the bottom of the separator case. The percentage of water
removed fromwi thin the separator case varied from 36% at 0.24 1%,
1000 cu ft entrainnment loading to 15% at 1.23-1b/1000 cu ft. Ths=
performance- properties of the York Teflon nedi a have been well
publici zed7 and because of the limted radiation resistance of
Tefl on on exposure to 104 rads, coupled with the poorer performan:
at anbi ent conditions, the decision was nmade not to test the Yorx.
separator at incident conditions.

The Parr Type 68-44MZE separator 'al |l owed perstratisn cf
visible entrai nnent which was al so deirctable by impactor measure
ments. DOR penetration neasurenents gave 99% at 0.6 micron, ind:
cating very little attenuation and essentially conplete penetrat::
of 100% at the 0.3 mcron size. Renoval . efficiencies greater tho
99% were found for 100 micron nean volune distributior (MYD)
particles up to a loading of 6.5 1b/1000 cu ft. Sonme re-entrain:-
lowered this to 90% with 10 micrca MVD | oading at 0.03 1b/10I0 cu
Farr rates this separator primarily for solids with slightly lowe
efficiencies ranging from99% at 20 mcron to 40%at'P.5 mcron
size particles. Since this separator gave neasurabl e zenetraztis-
in the 1-1C micron range at anbient conditions, no tests on the

——ta

Farr separator at incident conditions were nade.

The Monsanto baffle-type separator was found |east suit.
for protection of HEPA filters in the |-10 mcron rangs. Apzrecl
entrai nment penetration was visible and detectable by impactsr
nmeasur ements when using the 10 mcron MWD chall enge stream DOP
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penetration values were 59% at 0.6 micron and 100% at 0.3 micron.
Overal |l entrainment-renoval efficiencies ranged from 399% at 6.5 iz
1000 cu ft loading with 100 mcron MVD entrai nnent to 85% at

0.04 1b/1000 cu ft loading with 10 micron MVD size entrainnent,
Since |-10 micron response was poor, no tests at incident conditi-
were made on this separator

Atom zi ng nozzles proved to be a satisfactory method of
-generating controlled quantities of water particles of known size=
Condensing Steam at elevated conditions did not generate comparabl -
bul k quantiti es. Usi ng extended surface cooling of steam did not
gener ate measurabl e anmounts of small particles and decreased tie
‘wet-bulb temperature under MSA t&t-conditions

Humidity approaciiing saturation values is difficult %o
control, not accurately ueacurable at incident conditions with
currently available equipnent, and may influence small particl=s
life to a greater degree t han antici pated by calculations as dis-
cussed in Section 6.1. Actual PWR incident conditions, however,
would rarely approach saturation conditions except in the immediat:c
vicinity of the pressurized water release: Cooling by contaicment
structure, equipnment and sprays, together with pressure-drop
.changes, contributes to lowering the hunmdity of the air entering
t he moisture separators to a value bel ow saturation.

3. TEST FACILITIES

MSA has nmany applicable test facilities currently in
operation: thus basic equipnent for neasurement of flow rate,
pressure drop, DOP penetration, etc., were readily available. #od:
fication of the MSA system for entralnnent testing Was necessai
for the nore detailed efficiency performance st udy desired in zhe
| -10 mcron particle size range. Speci al apparatus was provided
for generating and nmeasuring liquid particles in this sSize rance.. .
-A nore detailed description of the pertinent test facilities used
i S presented in the following subsections.

3.1 LNVIRORMENTAL TEST FACILITY (ETF)

The ETF was designed and fabricated especially for t:st
operation of full-sized entrainnent separators, HEPA filters,
charceal cells, and other conponents, cver a wide range of operz-
tion from anbient to elevated conditions (PWR incident and abovz}.
The basiC equipment will be described in the following paragrapss.
liowever, it was necessary to nake the followi ng nodifications t=
accommodate the testing of this project:

A Addition of two stream sanpling stations for
impactor classification of particle size,
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C. Addition of a heat exchanger for studying
particle size of entrainment resulting from
condensing steamin this manner and for
hum dity control

D. Revised-system tenperature control and desimm
and location of heating-coils to maintain tha
desired high humdity with |east variation.
This eliminated the dehumi dification which
woul d occur from the direct-injection of dry, .
super heated steam at a slightly higher
pressure.

E. Addition of a pneumatic fine-spray nozzle
system for generating entrai nnent particles
in the |1-10 micron size range.

F. addition of hydraulic nozzles in the smallest
particle generating range avail able (300 micror)
to permit tests with Large bul k entraizments
to establish separator capacities.

G | ncreased separator-drain and penetration-
nmeasur ement provi sions-were added to accommodate
t he increased- bul k,

H. Addition of thernocouples for conplete systen
tenperature profiles.

) . Figures 1 to 11 of this report give a schematic znd
pictorial view of the ETF. The 4-foot dianmeter shell is fitted
with a 2-foot square inner duct with recirculation of the =ntxaiz-
ment atnosphere in the annular space. A variable spesed far tzke:
gas fromthe inner duct at the outlet of the flow nozzles zmé
directs it through tie annular space for return to tie innsr duc:
at the oppesite end. The gas stream passes over the cordexsate
pool in the annulus where it is heated by mxing witk stean from
the supply pipe and by the pool which is held at temperature by
the same steam addition to maintain a high relative Zumidity. Iz
then passes through the heat exchanger in the znnulus and zicks
up fine {10 mcron M¥D and | ess) entrainment from pneamatic atcom-
zing sprays just before entering the inner duct. Flow passzes
t hrough the inner duct heat exchanger and can be viewed thzough
the sight glasses (SG-1) at the heat-exchanger outlez. Passage
t hrough the hydraulic spray section permts addition cf largex
(100 mcron MVD) particle size entrai nment which- can be viewed
t hrough sight glasses (SG-2) just before entering the entrzinmers
separ at or . The entrai nment-|aden gas stream then passes ttrowmgh

+ha antrainmond conaratrar mAdorenineg oot T+ rar he viowszd adr ~c

*
.
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Containment Vessel, 48 in. ¢ x 16 ft long x & sections
Annular Duct. 24 in. x 24 in. x 7 sections

Fan, 24 in. vaneaxial, ball bearings, mech seal

Fan Drive, variable 3940/1330 rpM, 25 HP not or
neatExchangers, cocoling or heating, 200,003 8tu/hr
Pine Spray Nozzles, 39 atomzing type 1-A .
Large Spray mezzles, 108 hydraulic” type TX-|
Entrainment Sevarat or, typical

Impactor Particl e sampler, upstream
Impactor Particl e Sanpl er, downstream
BEPAFi |l ter, Msa Model CU 72920XBBXAA

Gas Streamrlow Nozzles, 4 X 4. 000" asue,
Calibrated with Nns Plate
System water Level  Control
Separator Case Drain Sunp
Level CGage on Separator Sump
Separat or Penetrated Water Collection Sump
Steam Line for &{stem Tenperature Control
System Hater Level (age

Rotometer on Separator Sump, 1.12 GPX
Rot onet er onSeparat or Sump, .094 GpM
Rotonmeter on Penetration Sunp, 1.12 cpm
Rot oneter on Penetration Susp, .098 GPY
Spray water. Supply Tank, 30 gal.

Spray water Heater, 3 Kw
Spray Water Pump, Turbine, 7-1/2 HP
10 cpu @ 145 psi, 300 psig - 275F max
Rotometer an Coding Watex, 28 CPM
Rotometer ON Cooling Water, 4 GPM

Filter for At mizing Water, cl
Filters for spray Hater, 25 u
Pitters forAir, 0.3 m
Filter for Steam S m

i

Level Control on Water Tank
Level Indicator-Controller

System Pressure 8 HEPA outlet. t0 76 csia
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6. § FLOWREET
ENVIRONMERTAL TEST FaCH™ -

us:. FESELRCH TINPCAATICH
Swms OTv, P

PIR Pressure Indicator-Reczrder, .
PIC Pressure Indicator-Comtrollier,

PR-1 Pre

SSure Regulztor for air R---

PR-2Presszre Regul at or for steaws ,

SGy
5G3
5G3

Sight d ass a2 Hx Cutlet
Sight G ass at Separssor Izic
Sight G ass =t Separztar cw<:

Return Gas 7Tz, abowe Flow !
HEPA Outleét Yewp,on TISC
Fan outle: Ters, cn TI®-2,
Spray “aturSwpply Tesp, on =1
HEPA frict Temp,on -TIZ-1 .
Flow Nozzle Ortlet Tems

Ret urn cas Tewmp, below Fan
Return Gas Tems, xbowe HEPZ.
HEPA Inlet Temp

Return Gas Temi, below REPR
Dry Bulb Temp ¥ HEPA Datlet
VWt Bulb Temp & HEPA Dutlet
Separ at or Inilet Tewo
Returz Gas Tenp, abowve Senac:=
Spray Vter Temp, instream ¥
Returr Gas Tenp, above Fine
Atomizing Spray Watew Temp
Returz Gas Temp,at top inlex
Return (AS Temp, above EX ouzl
HX Cutlet Temp

Cool | Ng Water Temp ints HX
Cool i ng Wat er Tesp out of EX
Separal or case prain ®zter.T=-
Separator Penstrated ¥ater To-
UpSt [ eaMSampler Temp
Downstream Samsler Tems

Spray Vater surply Tank Temc -
Spray wat er sester Outlet Ter:
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e rnse

ARZSIC-34

Lusns Crry, Powgvivama

PIR Pressure Indicator-pecorder, o 4"/10" #C
PIC Pressure Indicator-Controller, t0 100 psig

PR-1 Pressure Regul ator for Air Atomizaticn
PR-2 Pressure Pegulator fOr Steam ztomizatior

5Gy
5Go
5G3

T1
T
A

Si ght ¢lass at HX cutlet
Sight Gass at Separator Inlet
Sight dass at Separator Outlet

Return (As Temp, above F|l OW ¥ozzles
mEpAQUt | et Temp,on TXRC

ran Qut| et Temp, on TIR-2, tymical
Spray Water Supply nmlg_éon TIz-1
HEPA Inlet Temp,on 1l R-1

Flsw Nozzle OJmF et Temp

Return Gas Tenp, below Fan

Feturn (GAsS Temp, abowe HEPA Ixlet
mzpA | nl et Temp

Return Gas Temp, bel OW HEPA Izlet

Dry Bul b Temp @ HEPA Qut| et

wet Bul b Temp @uEPA CQutl et

Separ at or Imlet Temp

Return Gas Yemp, abowe Separator Inlet
Spray Watexr Temp, imstream t1% Bank
Return GAS Temp, abose Fine Sgrays
Atomizing Spray Water Temp

Return (AS Temp,at top inlet to HX
Return (A4S Temp, above HX out| et

HX Outlest Temp

Cooling Wter Temp imto HX

Cocling Water Tenp owt of Hx
Separator Case Drain Water,Tem»
Separator Peaetrated ¥ater Temo
Upstream Sampler Temp

Dowmstream Sampler Temp

spray Mater Supply Tank Tenp izdicator
Srray Water iiehter owtlet Temp
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Cont ai nment Vessel; 48 in. ¢ x18 ft long x 4 sections

Annul ar Duct, 24 in. x 24 in. x 7 sections--

Fan, 24 in. vaneaxial, bal| bearings, mech seal
Fan Drive, vari abl e 3340/1330 rpM, 25 HP motor
Hoat Exchangers . ccoling oo =wsexew= 200,006 Bru/hr

Fine Spray Nozzles, 39 atomizing type 1-A
Large Spray Nozzles, 108 hydraulic type TX- |

" Entrainment Separator,typi cal

Impactor Particl e sampler, upstream
Impactor Particl e Sanpl er, downstream
BEPA Filter, usa Model cu 72920xBBXA
Gas Streamriow Nozzles, 4 x 4.000" asME,
Calibrated with NBS Plate
System Water Level Control
Separator Case Drain Sunp
Level Gage on Separator Sum )
Separ at Or Penetrated water C,%I | ection sem
Steam Line for system Temperaturz Contro
stem Hater Level  Gage
tometer on Separator-Sunp, 1.12 cpM
Rotometer ON Separ at Or Sump, .094 GPM
Rotoneter on Penetration SUNp, 1.12 GPM
Rot orret er on penetration Sunp, .098 GPM

- Spray Hater. supely Tank, 30 gal .

spray \\Mter Heater, 3 kw

sprzy \Mter Punp. Turbine, 7-1/2 BP
106 cpM @ 145 psi. 300 psig - 2/5F sax
Rotoneter on Cooling Vater, 20 cpm
Rot oret er om Cocling Vater, 4 GPJ4

Pilter for At mizing Water, <1
Filters for Spray water, 25 n
Filters for air,0.3 n

Filter for Steam 5 au

Level controi on Wter Tank
Level Indicator-Controller

System Pressure @ BEPA outlet, .to 70 psig
A'r Supply Pressure, 26 + 5 psig

Steam Supply Pressure, 65 * 5 psig
Alir/Steam Pressure to Pneumatic Nozzles
Cooling Water Pressure, to 60 + 10 psig
pomp Discharge Pressure -

-Spray watex Pressure, Manifold inlet
Spray Vter Pressure, Manifold outlet

Syst em Flow Kozzles pressure drop
HEPA Filter pressure drop

Ent r ai nnent separator pressure drop
Separator Sump Level pressure droo

L y
% Sl et . © MSA RESESIC COMPORATION
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Pl R Pressure Izdicator-zecorder, %o *
PIC Pressure Ixdicator-izntroller, :C

PR-1 Pressure rsgulator Zor Al 2imm:

PR-- 2 pressure Pagulator Sor Steas atc

8Gy  Sight Class at HX Dutlet
SGy Sight Glass At Separator Inlet
SGz Sight G ass at sepsrator Cutlet

Ty Return Gas Temp, atcwe Flow Sozz.
Tia E=pA Qutl et Temp,on TIRC

Ty fan Qutl et Temp, om TIR-2, typic-
T2a  Spr aY Watexr SUppl Y Tewp, on TIR-1
Top  HEFA I nl et Temp,on TIrR-1

T3 Fisw Nozzle Outlet Temp

T4 Feturn Gas Temp, below Fan

T return (GAS Temp, atrwe HEPA Inlet
Tg BEPA Inlet Temp

Ty Return Gas Temp, belsw HEPZ Ialet
Tg Dry Bulb Temp & HEPX Outlet

Ty Wetr Bulb Temp € HEPR Outlet . ... .,
Tig Separator Inlet Temm ’ .
Ty1 Return GAS Temp, abowe Senarutor
Tiz Spray Water Temp, ixstrear $13 Dar
T13 Peturn Gas Tewp, abmwe Finz Sprav:
Ty4 Atomdizing Sgray WALS Teme

T15 Retorn Gas Temp,at o inlet %*o Y.
Ti¢ Return (@s Temp, abow HX ontlst
17 HX Cutlet Temp

Tig Cooling Water Temp ixto HX

T)9  Cooling Water Temp caxc Of

T20 Separator Case Drais Water. Temp
121 Separator Pemetrated water Temp
T2 Upstream Sarmpler Tems

Tp3 Dowostream Sampler Temp

Tz4  Spray Water Supply Tzsk Temp Indic
T>5  Spray it er @eater Ortlet Temp

T2  Steam SUpply Temp

TIC  Tewp-Indicator-Contr=iler on Tzs
TIR-1.Temp-Indicator-Recorder ©n T2z, T_.

TIR-2 Temp-Indicator-Recorfexr On Ty 3 -
TIRC Temp-indicator~Recorder-Contraficr

~{<}~ Valwe, manual

E:g Valve, instrment comrollied

e
.
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EvF, VIEW FROM
ETF, VAR ABLE SPEED DRI VE FOR FAN SECTI ON

FIG 5
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INSTALLATION AREA

SEPARATOR

{0ZZLE AND HEXT EXCHANGER

SPRAY

ETF,

SECTION UPSTREAM (OF SEPARATOR

8

FI G
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FIG 10 - ETF, KEPA | NSTALLATI ON AREA

FIG 11 - ETF, FLOW NOZZLES DOMSTREAM OF HEFA -
PENETRATI ON SUMP, HEPA POSITION AND FLOW NOZZLES
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gas is then returned to the fan through the gas-fl ow meterins
nozzles for recirculation.

Auxi l'iary provisions include plant steam and water for
heating and cooling; treated water, recircul ated and measures ir
the entrai nment section: instrumentation for measurement and
control of system gas flow, pressure, and tenperature. Sampiing
rrovisions across the separator permt analyses for separator

efficiency neasurenents of the snmall (2.5 - 10 micron) partircle
size fraction. Submicron particles penetrating the separator
wi Il be captured by the HEPA for neasurenent by weight gain,
Larger particles resulting from re-entrainment will. generally dro
out of the gas stream and be collected for measurement in the
separat or penetration sunp (16). The major portion of entrainmen
shoul d be renoved by the separator for.collecticn and measurssent
from the separator case-drain sunp (l14). Additional ETF comonen
description and data are presented in the subsections follewing.

3.1.1 Containment Vessel

Drawing: - MSA AK-2516~ 7,"SeheralrAsségﬁly Refe:edé§‘
Code = ASME Section VIIT

Rating: 100 psig at 400 F

Si ze: 48 in. OD x 18 ft 11 in. Pang, exclusive

of nozzles
252 sq ft surface area, shell and head
226 cu ft total volume

Secti ons: 4 - flanged; fittefi with casters for
hori zontal support track mounting

1 -'8 in. long plexiglass section for
ambi ent service

Nozzl es: -100 -~ various sizes, i/2 in, through 6 in

Accessories: Annular duct, each section, 24 in. x 24 in.
m ni mum -insi de di mensi ons

Fan assembly
Fl ow nozzles with straighteners
Heat exchangers

Test conponents and service provisions
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Materi al s: Wetted parts of containment sections and
their accessories ~ generally Type 304
stainless steel. Sonme trimitens of other

non-reactive materials or of coated
materials to protect system from contamina-
tion under test conditions.

3.1.2 Spray Nozzles

Manufacturer: SPRAYING SYSTEMS COMPANY -

Fi ne Sprays:

Type: --  -Pneunatic atomizing..
1-A spray set-up -
1650 fluid nozzle
64 air nozzle
1/4 J assembly

Servi ce: For finest particle size available,
including a portion in the 1-10 micron
range

Atom zing gas: Air or steam toc 400 F L

Fl ui d: Si phoned or gravity feed water-filter&
to 1 micron

ETF use: 39 nozzles in four banks = two of 13 each,
one of 8, and one of 5

Atomizing pressure 5-10 psi differential
pressure

Location at inlet to iﬁner duct (Pig. 13

Per f or mance: 40_1bs/br nominal capaCity'ﬁor all nozzies
using air

10 nicron MVD, mnominal designation

Large Sprays.

Type: Hydrahlié,qhollom+cone pattern
T™-1, designation
Service: For smallest particle size obtainable by

this nmethod: extra fime atom zation

Fl ui d: . Pressuri zed water to 460 F
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ETF use: 108 nozzles in 12 banks of 9 each at top
“and bottom of spray section (Fig. 1)

Control by selection of nunber of banks
used together with variable direction c¢<
spray, nominally 135° from direction of
gas flow

40 psi operating pressure differential

Per f or mance: 900 1bs/hr no&al spray capacity of all
nozzIl es

100 micron MVD nominal particle size rati

-3.2 CALIBRATED UPRIGHT BLOAER (CUB) - -

This is an MSA production facility for accurately deter-
m ning pressure |oss of test specimens at known flow rates using.
anbient air. Per m ssi bl e operating range includes.800 CFM at 5 I n
WC to 2600 CFMat 1 in, WC

. The CUB consists of a vertical duct-with an exhaust fan
at the top otutlet, a flow orifice.at -md-height,. and provisions fc-
installing test specinens-at the lower inlet. Downstream pressure
| oss through the test specinen is- recorded for given flow rates at
at mospheric conditions. Accuracy of flow neasurenment is checked i-
pl ace periodically using a Nation-al Bureau of Standards Calibratic:
Pl at e.

Separators tested for pressure | oss-were operated over
the range of approximately 50-200% of nmanufacturer rated flow valu-

3.3 0.3 M CRON DOP PENETRATION TEST FACILITY

This MSA production facility is regularly used at MSA fc:
testing HEPA filters. Tests are based on penetration of a calibra’
stream of DOP particleshaving a neandi ameter of 0.3 mcron, Hot
guenching is used to reach this particle size in an anbient-air
test stream of up to 1000 CFM at 1 in. Wo. MBA Test Specification
No. 1111 is in accord with -the-U. S. Army (Edgewood Arsenal)
| nstructions Q107 and MIL-STD-282 procedures.

Candi date separators for fine (l-10 micronj) service zare
expected to indicate sone 0. 3 micron DCOP response in the high &9¢
penetration range. Reliability of neasurenments in this high pene-
tration range are questionable w thout special provisions and proc:
cures. To set these values in perspective, the follow ng informat.
is listed, although it has no other bearing on this project.

=
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Normal 0.3 micron DOP penetration. levels measured are
<0.03% for HEPA filters and range to 5% for the hospital-service
type, and 35 to 55% for high efficiency comrercial ventilation
service. Standard (household) ventilation filters indicate no
measurable 0.3 micron DOP attenuation, giving essentially 3i00%
penetration val ues.

3.4 0.6 M CRON DCP_ PENETRATION TEST FACILITY

This MBA test facility is sinilar in most respects to
the 0.3 micron DOP facility except for the "col d' generatiom which
produces the larger, 0.6 micron mean diameter of DOP particlies ir
the test stream A wider flow range of 800-2600 SCFM at up to
-5 in. WC pressure differential isavailable. This nmethod is
general ly used for field-testing high efficiency ‘installations.
The | arger particle size can be expected to show a significant
response when used to screen candi date separators designed for
[-10 mcron renoval service.

2,5 1.1 MICRON DOP. -PENETRATION TEST FACILITY

This MSA facility was devel oped especially-to give a ~
reliable means of indicating the renoval efficiency of candidate
separator nedia in the lower portion of the 1-10 mcron particle
si ze range of AEC interest.

The 1.1 nicron DOP particles are cold-cenerated similar
to the method for 0.6 micron particles. Careful control of genera-
ting conditions and resulting particle characterizati on permitteg
test operation of this |aboratory facility. It-is presently
lircited to the testing of 4 in. x.4 in. size media pads wheax reach-
ing nornal separator velocity of 400 * 200 FPM. Media evalmatioczn
was discontinued following a few prelimnary tests with Tefl on,
Results are shown in Figure 12 and Figure 13.

Si nce impactor |ower limits in the ETF wer= 2.5 micron
(see Section 6), this 1.1 micron DOP response index would ssrve *s
conpl ete the performance curve-neasurenments between impactor
val ues and the standard 0.6 micren ard 0.3 micron DOP meastrements.
CGood correlation between 0.3 mcron DOP measurements and armc— .
generated wet and dry SS-U0, particles was reported in ORNI~4524. 20
Simlar correl ati ons between DOP values and water particles couald
serve as a useful index for screening candi date separator materiais.
Actual performance testing of full-sized separators under simulated
wat er environnmental conditions could then be Iinmted to separators
fabricated with the nore prom sing nedia only.
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4, TEST PLANS ANDPROCEDURES

Reference (2) recommended only two standard separatcrs

for testing. However, in the "interim between issue of Refererce

and start of testing, this nunber increased to the five candidatc

di scussed previously. Additional variations and special separatc

are avail able but were rejected for a variety of reasons, suck a-s
have been discussed in Reference (2).

Test plans concentrated on the prin& objective of
eff|C|ency measurements of separators for renoval of entrained
nmoi sture, particularly in the I-10 mcron particle-size range,
Generation and neasurenent of particles in this range becane nzjc
devel opnent tasks which were not conpletely resolved in all aspec
as discussed in Sections-5 and 6. Full-sized (24 in. X 24 in,
Cross-section) separators -varied w dely; in depth (2 in, to 24 i
in effective face-inlet areas (1.95 to 3.76 sq ft); in rated fLow.
(1140-1800 CFM); and in rated entrainment | oadings (<1 to 10 I®s/

1000 cu ft).

The final test plan included initial neasurenents at
anbi ent conditions to establish the ®normal™ descriptive and cger
ting functions of each separator in the-"as received" conditica.
One separator of each type was then tested for actual entrained
noi sture-renoval characteristics in the ETP at anbient conditions.
Tests included variations in flow, in entra'inment | oadi ng and
entrai nment size. Measurenents included: resulting pressure &ro:
of the separator and its downstream nonitoring HEPA; visual obser-
vation of entrainnent; nass neasurenents of entrainment removed
by the separator, by the downstream duct, and by the downstream
HEPA; and lnpaetor sanpling to identify partlcle size fractions.
The final "normal" performance properties of each separator ang t:
HEPAfilter used with it were rechecked follow ng anbient entrzin
ment testing. Repeat testing with a duplicate separator or varie:
of test conditions were perforned when indicated by data obtaimed.
only separators indicating good entrainment renoval efficiency in
the |-10 micron particle size range at anbient conditions were
selected for -additional testing at PWR incident conditions of sie-
vated tenperature and pressure, and for extended perfornmance
properties and limits. An outline of the test procedures is as

foll ows:

4 .1 DETERMINATION OF ' NORM'

All separators of each type were eoxamined as follows:
4.1.1 Dinensions; weight

4.1.2 Description of separator, its appearance, photogragis
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4.1.3 Flow ~ differential pressure neasurements over
nom nal range of 62.5 - 100-125% of rated

flow, on CUB
4.1.4 0.3 micron DOP - differential pressure at 1000 CFM
4.1.5 0.6 micron DOP - differential pressure 62.5 -
100-125% of rated flow
medi a only when

4.1.6 1.1 micron DOP, on 4 in. x 4 in.
avail abl e

4.2 ENTRAI NVENT TEST, AMBIENT, CLEAN ETF

one separator of each type was tested in the following
sequence unless test results indicated further testing was not

warranted. Limiting XEPA differential-pressure to 4 in. WC-was
the initial criterion for continuation.

4.2.1 Efficiency of at least 99% at rated flow and 100
micron | oading:

By mass bal ance of separated entrainnent.

By impactor of any 1-10 mcron fraction.
By observation of water particles passing through

t he separator.

4.2.2 Repeat, uUsing 100 + 10 micron MVD | oadi ng

4.2.3 Repeat, using only 10 m cron MvD | oadi ng

4.,2.4 Efficiency at 10 micron loading with 62.5% and 125t

of rated flow when good performance isS
lndlcated

4.2.5 Duratian of tests to be 4-16 hours as required to
refl ect steady-state oOperating performance

4.2.6 Remowe and weigh HEPA immediately follow ng test

4.2.7 Recheck "anorm®" of separator (4.1) and HEPA after
drying

4.2.8 Repeat with duplicate separator to resol ve any

doubt ful areas

4.3 ENTRAINMENT TEST, INCIDENT, CLEAN ETF .

‘ Separator types with the highest ormance in the
previous tests (4.1, 4.2) were initially selected for further test-

ing at PWR incident conditions at up to 4 in. WC differential

v
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4.3.1 Recheck anbient differential pressure at rated flow.
Dry, with 100 micron entrainment in the ETP

4.3.2 Reack incident quickly at rated conditions, using
100 micron | oading and indirect steam heating.
Start with MSA Type G in order to debug the ETF
controls follow ng revisions.

Prior modification runs. T-12 through T- 16, using
Type G separator, indicate maxi MuMpeai-yp rate
feasi ble and desirable,

4.3.3 level out at high loading of 139 micron MVD. Get
data profile, including efficiency measurements.

4.3.4 Reduce 100 micron MVD | oading; obtain steady-
- state dat a:

4.3.5 Check relative humidity effect of TX-1 sprays in
annulus,

4.3.6 Operate Wi thout sprays; get data profile.

4.3.7 Operate cooler to generate entrainment. Get data
profile and observati ons.

4.3.8 (Qperate wWith 1-10 micron maximmm loading using
stealm to at 0m ze system water filtered fo 1-a
nozzi es.

4.3.9 Duration Of test to be 16-24 boors total at
i nci dent - exposur e conditions, or as required to .
refl ect steady-state operating perfOrmance amd
reliability,

4.3.10 Recheck”gom' of both separator (4.1} and EEPA
filter follow ng incident test,

4.3.11 Recheck incident test with duplicate separator to
clarify any doubtful areas. Modify test conditiors
as required to gi ve answers needed.
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5. ENTRAI NMVENT GENERATI ON DETAI L

Exi sting technology and hardware for generating finelr
di vided aerosols were studied for nethods of obtaining buik
quantities of [-10 mcron entrainnment at anbient and at izcidenz
conditions for full-sized separator test evaluation work in the
ETF. |In general, available hardware (ultrasonics, spinning dists,
etc.) was found to be Ilimted to small capacities at anbient
conditions, as previously reported.l  Spray nozzles offered th=s
only readily available means of generating entrainment approaching
that currently predicted for PWR contam nant incideat conditions
(Table 1). The spray nozzles used for this evaluation work are -
shown in Figure 1, with descriptive tabulation in Section 3.1.2
and general performance -discussed in this section

Particles resuiting fromsprays under actmnal cozditiors
vary widely in size and distribution and, thus, so does tae
volume or mass of liquid, Some methods for giving a measure Of
this dropl et-size characterization are defined as follows:-

SMD -~ Sauter Hean Diameter IS a neans of expressing the
fineness of a spray in terns of tie surface area
produced by the spray. It is reached by obtaining

-a summation of the surface areas of every drop
produced by a given spray, together with a sumation
of the total volume of all these drops. Then the
diameter of a drop having the same volume-to-surface
ratio gives the sMp of this spray.

MND - Mean Nunerical Diameter is a neans of expressing
particle size in terms of the number of particle& in
the spray. This neans that 50% of the particles
presented by count or nuuwer are snaller, and 50%
are larger than the gi ven (MND) particle Si ze,

MvD - Medi an Volume Diameter IS a means 0f  expressing
particle size in terms of the volume of liquid
sprayed,. The VD size of a spray i S that valme wher=
50% of the total volume (or mass) of the liquid
sprayed is made up of droplets having diameters
| arger or smaller than this nedian val ue

Sel ection of the basis of characterizing sprays de &=
upon the application understudy, Spraying Systens Companylgeni;
presently characterizing spray nozzles for cosmercial purposes
based on MVD measurements. An el ectronic Stroboscopic-Television
Sensor and Tabul ator System is used to obtain reliable measurements
down to 30 microm With sensitivity possible @gwn to 20 micron.
Since results were readily avail able for nost of their nozzles zxd
since HEPA protection depends upon volunetric or mass efficiency

“
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of separators, the MVD basis of characterization was selected for
pur poses of this report. For efficiency versus particle size, txr
nmeasurement of particles in each limted range is still required.

Performance estimated by Spraying Systens for the 1-A
and TX-1 nozzles used in this evaluation, together with nozzles cC
for two PWR separator tests®:8, are presented in Table 2. Ficure
14 illustrates both the wide MVD variation between nozzles and th-
variation with operating pressure from each nozzle. Figure 15
illustrates the performance range neasured by Spraying Systens fo-
standard nozzl es. Figure 16 gives the estimted performance rang:
of the TX-1 and 1-A nozzles. TX-1 values are probably rather.
accurate since nmeasurenents were nade-on simlarly sized nozzles.
The 1-A val ues bel ow 20-30 micron are bel ow Sprayi ng Systens
nmeasuring capabilities and nmy diverge appreciably.

Typi cal particle sizes and distribution for small
hydraul i c and pneumatic nozzles given in Reference 17 are presente
in Tables 3A and 3B. These further indicate what can be expected
from the TX-1 and 1-A nozzles used: -the smallest available. Por
the hydraulic nozzles, Table 3A shows a |arge nunmber of particles
are present in the 10 mcron size, although their volunme percent
-will be small. At a constant inlet pressure, the nunber of small
(10 micron) particles increases with decreasing orifice size:

100 neasured with the 0.086 orifice at100 psi increases to 809

-with the 0.063 orifice. The 0.020 orifice in the TX-1 nozzle can
be expected to have an even |arger nunber of 10 micron droplets,
From the data in Table 3aA, MSA calculated a 22 micron MED and a
335 micron MVD particle designation for the 0.063 orifice at 53 ps-
These can be conpared to the TX-1 nozzle for which the manufacture
nmeasured 100 m cron MVD.

From anal ogy, the MND of the TX-1 nozzle should be mach
smal l er than 22 mcron. Pneuamatic nozzle data in Table 3B indicz=
that a |arge numbe . of dréplets are generated in the 2-10 micren
size range. Calculated values for nedian size designations from
the tabul ated values give 4.5 mcron MND and 15 micron NVD, Com-
parison to the 1-A nozzle, selected for finest obtainable .atomiza-
tion, indicates considerably lower distribution vaives {(~3 ricror
MND, ~210 micron MVD nominal). Impactor neasurenents of 7-8 micrec:
MVD (Section 6) bear this out and indicate that the Spraying Syst:

“estimate (Table 2 and Figure 14) of 25 micron MVD may be high.

The nunber of nozzles selected for the ETF tests was
based on reaching neasurabl e concentrations of particles in ths
[ -10 mcron range using Type 1-A nozzles to Peach an output of
40 lbs/hr of 10 micron MVD, using air for anbient tests and steam
at incident conditions. Bench tests of one Type 1-A nozzle gave
0.13 1lbs/hx using 30 psi steam versus 3.1 lbs/hr using air (Sectio:-
6). This indicated a reduction on the order of 25:1 for steam --
considerably lower than anticipated by Spraying Systens (Table 2).



PABLE 2

SPRAY NQOZZLE cAPACITIES and PARTICLE

Sl ZES using 70F WATER

From -SPRAYING SYSTEMS CQ.,22 Published Data and Communications to MSA

T*--———o-
rle Opcrating . Particle sizeg, W#crqg"_ (1) Liauidw Rate _ remal K,
er Pressure 2 Vol & S50 vol 8 UL
pe _ i Below (i1VD) Above - qal/hr lb/hr - .
i
) 20 2420 . 84' 740 P~———
raulic 40 6.50 2040 4020 120 1000 Connecticut~Yankee
100 425 1220 2800 186 1550 Reactor Tests?
3 20 260 700 1300, 2.52 21.0
raulic 10 218 o 580 1020 3.60 30.0 |=~e—TIndian Point-2
100 124 § 300 560 5.70 47.5 Reactor Tests3
! 30 56 120 200 0.83 7.4 Used Foi This Eval-
raulie 40 46 100 163 1.0 0.3 |=%— uationt o Make up
300 26 60 108 1.5 12.5 Bul k Loadi ng
T _ Alygegad— T
¢ 3 8" Siphon Height| SCFM
5 10 25 46 0.08 0.67 e .. UsCd TFor
' 1o 15 36 6 3 0.18 1.50 0.40 Thisg Lvaiu-
matic 20 17 40 72 n.31 2.58| 0.59 , ation
1izing 40 19 44 80 0.38 3.17| 0.35 ' For 1-10
lortion
*Steam Rate estimated @ 2 1/4 1lb/hr-SC 4 Air Rake tabulated,

- o . SRS Sveehd Aayie

- b~ - et

with sonewhat

*' Estimated by Haruch, 8/27/69

P . e B e W Tey %o e i e b i 4 PRy A b v ava et 18 L sy

reduced Liquid Rates - Keller, Tclecon - 1979

™
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SPRAY PARTI CLE SI1ZE VS PRESS

rOR VARIOUS SPPAY NOZZIIES

G-25, G-10, G0.3 =~ Meagured with 70F water

rX-1, 1-A, - Estimated witin 70F Water

FromData Furni shed by Spraying Systers Co. 22
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TABLE 3 - DROP SIZE DI STRI BUTI ON OF sMALL HYDRAULIC
AND PNEUNVATI C xozzLos W TH ANALOGY
TO TX-1 AND 1- A HOZZILES

Tabl e 3A froaneféience 17

Table 18-18. Drop-size Distridbutions Produced by
Thres Hollow-cone Nozzles of the 3ame Design

. Aunsder of drops moerh size groep .
Nowminsi 063 orifer dam.  R886-in. erifice dism. O.I.MS-
Eamop | soms | l00ms 20t [ ooty | mamy | Sas

2w | sg.ia | osqin | g | i 5. i
10 375 800 1700 106 E) 108
B n 280 580 0 1 5
50 Nl 180 20 4} ]
- 100 54 & 0| 2% 34 b

150 x 38 35 ! i4 > T 123

200 3 2 B a 9 12 -

300 8 L} 1n b [ [

00 2 & B ] 4 7 3

500 1 DI 2 1 2

600 1 1 1

- - Note: lu = W iem. = 0 namw in. The sominal diazetet is the mid-

Mdl&wmprhdmlm&uaﬁ‘emdm Thae ~ 5~
nn-pmcludtsdrqs-&oml?Sb}?Su.the‘?Y‘mandmpsﬁu
3.3 10 75 g, etc. The numlac ot drops has been wljnsted i each evee 38
that the total amoant of Suid sprazed 19 the same for rach sae distri.  em.

Comparison of mean diameter values:

From Tabl e 3A above. For TX-1 nozzle having 0.020 di aneter
For 0.063 di aneter orifice operated at 40 psi

orifice nozzle
operated at 50 psi

22 uy MHD e . . . & <22 y MND, by analogy
335 u MVD, calc. . . . . 100 u MVD, neasured by Spraying Systems Co

Table 3B from Reference 17

!/,H(..ﬁzs ~
l

Table 18-19. . Drop-size Distribution of 5 Sraill

Atomizing Nezxxle A
Dropdom_ s | Numdr el aroms | Dresdmom., s | Saciber jd' dmw
2 WisR 35 179
5 34032 < 10w
0 165.%9 5 €9
15. 402m 58 40
§ | g | = | B
3 pai »

Tbeh:l procsute sod the ¢xn presure were eack 15 Ih.
dﬂmdrvantedbytkwd;rm:!b,?mn
sdut abie 1523, 50 that the wumbers of drops are dreesly comparalie.

Conpari son of nean di aneter val ues:

For tabul ated nozzle For 1-A nozzle at 5-10 psi, siphon feed

4.5 WND, calc. . . . . <5 pu HnD, by anal ogy
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It is assumed that these bench test results refl ected some con-
densation of steam into tha siphon feed. "ETF results with stea
verified a-clearly visible, but barely measurable, concentratio
of fine carticles. T

javd
o
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6. FI NE PARTI CLE S| ZE MEASUREMENTS

Prior to undertaking the task of neasuring separator
efficiency, an extensive state-of-the-art search was conduct ed,
as previousiy reportedl. rnowledgeable personnel and | eading
i nstrunent manufacturers were contacted to provide help in
sel ection of hardware and net hodol ogy. The results of this survey
--reveal ed

1. The state-of-the-art was'extrenely poorly
defi ned.

2. No off-the-shelf hardware or methodology
-were avail abl e.

3. The inpaction principle was the nost realistic
appr oach.

There remained the problens of nmating-the impactor design to the
environmental conditions and the devel opnent of a nethod for
characterizing (fingerprinting) the droplets in situ.

. . ... . The principle of an inpaction device has been extensively
employedl2,13 Basically, an impactor consists of a series of

jets and sanpling slides. The jets are progressively finer so that
the velocity of a sample stream palled through the unit increases

at each jet. The placenent of the sanple slide behind each jet
causes the sanple streamto make an abrupt turn. Large particles
are carried by the air or sanple streaminpact by inertia-onto the
sanple slide; snall particles are carried to the next jet where,
because of increased velocity, the efficiency of inpaction

i ncr eases, The net result is a size grading at each sampling slide,
such as is shown in Figure 17. The size range ot partities Which
can be collected depends upon the specific impactor design with

the lowest |evel of collection being sonmewhat |ess than 1 mcron
in dianeter.-

6.1 SELECTION OF IMPACTOR

"Pesponse Of fine liquid droplets to the process of
i npaction was |argely uncertain. Evaporation, condensation, coal es-
cence and fragnentation are all processes which can occur wth
liquid droplets, A study of water-droplet size changes in a
Lundgren-type impactor was perfornmed for MSA by W. L. Torgeson Of
t he Environmental Research Corporation.14 Based on the asswmpt+ion
that the air-water vapor mxture was fully saturated at the inlet
to the first nozzle and the maintenance of isothermal conditions,
t he concl usi on reached was that, with proper impactor design,
particle evaporation or condensation are insignificant for 1 mcron
particles or laraer. R
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.Attention was first drawn to the Lundgren Impactor
because it enployed rotating drums as collecting surfaces; hencs,
high particle densities could beé sanpled since pile-up of dronlzts
was m ni m zed. ERC was subsequently conn133|oned ts fabricate
two units for use at incident conditi ons. ifortunately, the
first nodels delivered were found to be inoperative at 512 F.

Maj or problem areas were the drive-train assenbly and the drum
shafts which | oosened-at increased tenperatures. The defective
areas were subsequently repaired by the manufacturer. Meanwhils
much of the | aboratory devel opnent of procedures for sanpling a&
interpretationof results was perforned using a Cassella Impactar
whi ch employs "stationary collection plates;. Eventually it was
found that the nethodol ogy which evolved from the Cassella studies
coul d not be successfully applied to the-Lundgren.

Although residual mechanical problens did persist, pr=
sumably the major drfflcurty w'th the Lundgren impactor was in
devel opi ng the proper spacing between the édrum surface and the
slit opening in the third and fourth stages. Placement of the
support nedia or particle-ccllection media within the origi nal
critical spacing caused erratic results. An enpirical approach
was tried in which the drums were turned down about 5.002 in, =z=d
then shinmred to the optinunwspacing by successive thin |ayers &f
pai nt (Egyptian |acquer).- Correct spacing was to be determ ned
by the closeness of approach to the listed cut-off val ues.

Al t hough this approach was viewed as pronising, the program couid
not be del ayed for additional devel opment worKk. The degree of
"readiness’ of this instrunment at the-start of the separator-test
schedul e is best--illustrated-in Tabl e 4, Cut-off values for each
stage as determned experinentally at 212 F are compared with tire
original design goals. No collection of droplets was ever foun#
on the fourth stage.

TARLE -4 - DROPLET sIz2E COLLECTIA .3 FOR THE FQOUR STAGES
OF THE LUNDGREN IMPACTOR

Cut-of f Values (u dia)*

Desi gned
Stage Val ue Found
1 27 30
2 8 17
3 2.7 5-10
4 0.8

* 50% collection efficiency
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for comparisen, the critizal design paraneters of tie
Cassella and the Lundgren Impactor are shown in Table 3.

TABLE 5 - DESIGN FACTCRS: LUNDGREN vs. CASSELLA IMPACTOES
"Stage Velocity, cut Points,
St age ft/sec micran*

CASSELLA IMPACTOR {0.62 CPM

1 7.67 21.0
2 ) 45. 5, 5.0
3 - 90. 3 1.9
- 4 250.8 0.67
| LUNDGREN IMPACTOR (1 CFM)
}
! 1 5.0 27.
2 15. 3 . . . 8
3 4 5 . 0 , 2.3 .
A 130 0.8

* 50% collection efficiency

In summary, it was determined that the Lundgrea instrume:r
could not conpletely neet its design objective without farther
nodi fication (x.e., droplets less than 5§ mcron in dianeter cozld
not be detected) and it was fornd that the Cassella instrument -
could be adapted to the program In the interest of expeditins t:.
work, a decision was made to use the Cassella instrunent,

A-mathematical study was performed to eval uate the
possiblz limtation of the Cassella Impactor using the guidelirzes
set forth by Torgeson. Details of the study are included in ‘
Section 6.5. 1In brief, the study disclosed that particles would
evaporate sonewhat by passage through the impactor and that this
ef fect would:be about the sane at both incident and ambient condi-
tions. | n general, the finer particles would be more vul nerabl e.

Cal cul ati ons showed that a 2.7 micron particle would eveatually
neasure 2.5 micron._at the tine of-inpaction enthe third stage, =-
was al so predicted that all particles not renmoved on the third stacz
woul d evaporate rather than be collected at the fourth stage. This
has been verified since no collection was ever observed ea the

_fourth stage of the Cassella Impactor. The Cassella Impactor w=s,
however, considered acceptable for the measurement offine (2.5 -

25 10 micron) water droplets in the separator efficiency test program

E Using the 2.5 micron lower lint was not considered detrimental to
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the procram since data from the spray manufacturer indicasad +hi-
the volure of water in the garticles below 2.% mizrin :1s servy 1w,

6.2 LABORATCRY TEST SYSTIiMS

Two basic |aboratory test systens were cozstruc=ad
primarily to develop fine particle generation and measuremsat
techniquesand to supply engi neering support data. An apbien+ t=s-
| oop featured an ultrasonic generator {i to & mcros) and was
housed in a constant, |owtenperature enclcsure fOr operation at
‘atmospheric pressure. |t is illustrated by Figure 18 and furthe
di scussed in this section. The second system consisted of a & ix.
di aneter glass tunnel which was operated at el evated temperatwmres
using steam Wi t h generators or nozzles of interest, The class
tunnel system also pernitted study of sanpling techrigques at ele-
vated tenperatures and is illustrated by Pigure 19.

In the anbient test system as illustrated in Pigure 23,

a blower was used to recirculate hum dified air through a Ioop o£
3.5 in. dianmeter plexiglass tubing. Air flow from the blower wa
cool ed by a small condenser and then passed through a miniature
separator to minimze the continuous build-up of fime particles

hat wouid be present in the return air. A hygrometer was instzlle
across a damper and the intake tc the blower. FPurther dowzstrea:
from the separator, a portion of the total stream (.5 CP¥M} w=s
used to continuously transport the cloud of newly formed particlss
present in the generator cup to the working. locop. - Beat gereratef
in the particle generator was removed by the additiom of a coociiig

coil.

—

Provisions were made to test small entrainment szparatzr.
el ements by using two sample probes, as shown in. Pigzmre 18, gzmie-
were withdrawn through solencid val ves using externally-costr—:lzd
swtches . An auxiliary source of fine particies was fed to the
upstream si de of_ the blower to enhance the hum dification ¢f the
air stream. In general, all notors, blowers, power supplies, etr.,
which could yield heat were nounted either in separate compartmerts
or external to the -test system The working loocp described abov=
was housed in a constant-temperature box and the air temperature in
t he box containing the test |oop was controlled to within &.5 7.

Experience with this ambient test system ciearly indi-
cated the difficulty likely to be encountered in striving to
approach 100% relative humdity cenditicas. It-was sxtremely 3iFsi-
cult to hold tie relative humdity of the test stream at 98% ox
hi gher as neasured by a wet bulb-dry bulb hygrometer. At tiis igvel
of saturation, the water-vapor content had either a tendency to
creep toward saturation (as evidenced by condemsatioz on ai:i smr-
faces, including the dry bulb), or to fail to a lower and mre
stable level. Generally, tests at 98% relative hum dity or abowe
had to be cons-ted during the time periocd d-zing wiich tie
relative humdity was approaching 100%.

T
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The relatively sinple glass-tunnel test facility,
shown in Figure 19, served a threefold purpose: first, to test
t he impactor at elevated tenperature; second, to test nozzles for
smal | particle generation: ard third, to test the s’ficiency of
various. media in renoving snmall particles. The results of the
impactor tests are discussed in Section 6.3. Prinary considera=io-
was given to Spray Systens 1A nozzl es because a survey of manu-
facturers indicated. -that this was the only nozzle worthy of

testing.

6.3 DEVELOPMENT OF COLLECTI ON SURFACE

Consi derabl e | aboratory effort was focused on the
sel ection of the coating surface which would-record the impact =f
the noisture droplet. The three coating techniques examizad were
t he-use of magnesium oxi de, a soft-oil-grease coating, and a
wat er -sol ubl e stain. Each of these coatings was exam ned on glzss

slides in the Cassella Inpactor. The glass collection slides were
about 25 mm in dianmeter and 0.19 to 0.25 mmthick {Corning No.
2915). Initial studies were conducted. using the glass tunnel at

210 to -212 © as a reasonable approach to the- elevated tenperatures
of incident conditions; The test unit consisted of a single 1a
nozzle activated by a streamof humdified air, The spray was
carried by a flow of steam through a loosely pecked separ at or
punctured with several snall holes. The intent here was to redmce
the total particle population originated at the nozzle to val ues
accept abl e by the inpactor. Sarnling was acconplished at the exit .
of the tunnel using the. impactor preheated to stream conditions
(212 ¥ 2 7). The findings with each of the coating tecnniques zre
descri bed bel ow

6.3.1 Mg0 Collection Surface

Coatings of MgO are applied to a surface by nerely int=c-.
ducing the cool receptive 'surface into the plunme of 4gO particles
generated by bur ni ng magnasium metal. Depth of coating-can be
controlled by the exposure tine and location in the plume. T h
result of the coating is a continuous |ayer of the fine parcicles
of MgO (0.3 to 0.5 micron in dianeter). %on i mpact, the drople<
disrupts the - coating and | eaves a crater ich can be related: to
the original droplet particle size. It was found that at ~212 =z
the coating yielded very poorly defined craters at particle sizes
below 5 micron. This method was subsequently abandcced.

6.3.2 Gease-Gl Collection Surface

The intent of the use of this type of coating is to pxr—
~vide for a relatively soft inpact surface which, simlar to MgO
coatings, would |leave a crater. The cdatings were prepared using
silicone stopcock grease dissolved in silicon oil (DC200). Experi-
ence With various formulations yielded coatings either too hard %o
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cushion the inpact or too "soft" at the elevated tenperatures to
retain the inpact crater. This technique nmay yet be feasible and
it was rejected here only due to the failure to develop a suitable
formulation within the allotted tine.

¢ .3.3 Soluble Stain Collection Surface

Unl i ke the-previous techniques which |eave craters, a
noi sture droplet contacting a stained surface |eaves a washed out
or bleached area of inpact. The dye selected for this effort was
Ni agara Sky Blue 6B obtained from Fisher Scientific {(Cat. ¥o.
NA489). Although the material can be used as received, an improved
coating filmresults fromrecrystallizing the stock material from
a water-al cohol -solution. The glass slide must be spotlessly
clean-to allow a continuous filmto form Inprints fornmed by the
droplet were found to be -exceptionally clear and well defined.
Characteristic imprints are shown enlarged in Figure 20. Each
inmprint consists of an inner area in which the stain has been
conpletely renoved and an outer periphery where excess dye has
eventually piled up. O the three techniques exam ned, the use of
the soluble -stain was clearly superior.

The two major difficulties associated with the use of
the stain nethod were its tendency-to wash out as a result of con-
densation and the uncertain relationship between the print dianeter
and the particle dianeter (spread factor). Subsequent studies wita
steam showed that condensation could be elimnated by nmaintaining
the impactor initially at 5 F above the sanple-stream tenperature
and by purging-the inpactor.with dry air both prior to and at the

conpl etion of the sanpling period.

6.3.4 Estimating the Spread Factor on a Soluble Stain
Col l ection Surface

‘The resulting imprint of the stain in .the area of inpact
i s undoubtedly a conbination of physical and chem cal forces.
Since no standard-size particles in the 1 to 10 micron range are
avail able, an estimate of the spread factor was acconplished in an
i ndi rect manner. Presented in Figure 17 are the collection effi-
ciencies for a unit-density particle as Jetermined by Mayl5 using
his own impactor design. Table 6 permits a conparison between the
design feature of _the May impactor and that of the Cassella, It
was assuned that the two different impactors were sufficiently.
simlar so-that the second-stage efficiency curves would also hold
true for the Cassella. Figure 21 shows the. second~stage efficiency
curves obtained using the stain nmethod in the Cassella. This work
was done in the anbient test |oop using the ultrasonic generator
as a source of 1 to 10 mcron particles. The relative humdity was
“in excess of 98% as neasured by the wet-dry bulb hygroneter. o
curves are shown: the first represents the data obtained by neasur-
ing the outer periphery of the droplet and is conpared to neasure-
ments made using the inner or bleached area.
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FIG.—20 - Fine Water wm«.ﬁ.nwm Hsvnwbnm on Soluble
Stain Coated Surface
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TABLE6 ~ CASSELLA vs MAY, IMPACTOR COMPARISON

Minimum Size Efficiently

J et 3et St age Renmoved
St age Length W dt h Vel ocity Calculat ed Experi ment a
No. (rum) _{mm) (m/sec) (u) {a)

MAY (1945) IMPACTOR

1 19.0 6.5 2.2 21.0 19.0
2 14.0 2.0 10. 2 5.1 6.5
3 4.0 . 1.0 _ 20.4 2.6 . . 3.0

4' 14.0 0.6 30. 4 1.5 1.5

MSA-CASSELLA IMPACTOR

1 19.0 6.5 2.36 21.0 22.0
2 14.0 2.0 11.0 5.0 7.0
o2 14, 0 0:75 -  27.8 - 1.9 2.3

4 14. 0 0. 27 77.2 0.67 0.7
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The 50% cut-off value, found for the Cassella second
stage; was 4.9 or 3.5 micron. From Figure 17, Mayl5 reports a

value of 3.9 mcron. It was decided that the outer Or maximum
spread of the stain would be neasured (4.9 micron) and z correctior
factor of 0.8 applied (4.9 x 0.8 = 3.9 micron). It was assuned

that this spread factor was reasonably constant in the 1 to 10
m cron range. Spot checks indicated that no maj or change was
prevalent at a tenperature of 212 F.

6.4 SIZING - AND COUNTI NG SLI DE PARTI CLES

Particl e-size nmeasurenents were performed microscopically
-using a precalibrated eyepi ece; Inprints found on the second and,
-especially, the third stage were found grouped in a narrow band.
Wiere a large number of - counts were to be made, neasured sections
of - this band were-counted, averaged-and then nultiplied by the
total length of the collection band. Particles were sized by
direct neasurenent and grouped into-the followi ng sizes: 2.5
4.0, 5.6, 7.2, 8.8 and-10.0 micron. The snallest particle size
| ocated on the third-slide was about 1.6 micron after- correcting
for the spread factor. Particles of this-size were arouoed as

2.5. mcron to adjust for the shrinkage phenomenon. Particles above-*

this range were grouped in the above-listed categories wthout
al l onances for shrinkage, since the analyses showed this to be
negligib-le for-large 'droplets. (See Section 6.5.)

6.5 ANALYSIS O DROPLET SIZE CHANGE

The anal ysis presented by Torgenson14 was applied to the
MSA-Cassella Impactor. Table 7 gives the droplet dianmeters for each
stage, for a flow rate of 17.5 liters/minute (actual)-of saturated
air at 100 F and 1 atnosphere. Table 8 gives the same data for
17.5 liters/mnute at 271 F and 47 psig. The size changes were
moderate for the early stages but |arge for the |ast stage. The
| argest particles are not greatly affected,

The equation used is:’

2 - .
dre _ -2 Dg AC ‘ (1)
aT P2 1 + —}\D¢C 5
K
wher e: AC = change in water content from

saturation, 1lb/cu ft

D = diffusivity_of water through
air, ft2/hr
¢ = ratio total pressure to the

partial Pressure of air
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TABLE 7 - DROPLEY S:IZi CHANGES A

<o
[5]
-
-
b
tar
e
13

tierons 1.0 2.5 2.7 5.0 1200
Stage 1 1.0 2.5 2.7 | w.m , 12.0
Stage 2 - .976 2,49 2,63 4.335  $.898 -
Stage 3 ; Evap. 2.29 2.51 _ 4.8% 2.95
4.907 9.57

Stage 4 ‘Evap. Evap. Evap.

TABLE 8 - DROPLET SIZE CHANGES AT 271 F, 4 psig

7
Original Diameter v . |
Hicrens 1.0 2.5 2.8 5.0 10.0
Stage 1 = 2.5 2.8 52 10.0
Stage 2 0.96 2.79  4.99 £.996
Stage 3 Evap. ,N.ﬁmm,-wwmu>. 9.92
Stage 4 m<wo. Evap. 3.37 9.29
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Py = density of water, lbs/cu ft
A = |latent heat of water, Btuslb
k = thermal conductivity of air-steaxz
m xture, Btu/hr ft ¥
Cs = partial derivative of saturated water
densit, with respect. to temperature,
the derivative taken along the
saturation line, lbs/cu ft F
R = particle radius, feet-
- t =1time, hours -

16.

Brown

ef f ect

The diffusivity was calculated from an equation given =z

372 e :
D = 0.0166 P T e+ L )
(val/3 4+ Vb1/3)‘,"‘j Ma ™Mb
where: T = tenperature,. K
P = total pressure, atnospheres

Va-, Vb are atom c vol unes
= 29.9, 19.4 for air and water

Ma, Mb are nolecular weights
= 29, 18 fqr air and water

The derivative C's was évéluabed by considering tie

of pressure only.

P 18
CS =
RT . (31'
[acs) - (a_lz 18
\3T /at\aT/ RT
i ne
. l?.(?.%’.) o1 (ﬂl |
RT \ 3t sat. RT \3T) p
line

The equation for Cs is then--

aphcs

Y —
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The change in density, AC, was also calculated by
negl ecting tenperature change. The steamair mixivre excands
isentropically in the nozzle, converting heat energy to Xinetic
energy and thereby cooling the mxture; but then ths kinsztic
energy is converted to heat energy by friction. The net effect
is then a constant enthal py expansion with little temperzture

change.

The equation for AC is

P, Cs :
AC = (R 2 = sy
Re Py
Cs
= AP p,_
Py
‘where: Cs- = saturated doasity of water

= Ibs water/cu f t

P, = total pressure
AP = pressure change
P, = partial. pressure of water vapor

The pressure drop for all four stages is, by direct _
nmeasurenment, 64.8 cmof water for a flowrate of 0.62 cfm at 107 F,
1 atnosphere. This pressure drop was allocated among the four
stages on the basis of velocity headss Table 9 gives the MSA~
Cassella jet dinmensions and allccated £low constant.

TABLE 9
St age Length, nmm Wdth, uwm Fl ow Constant, .
1 19.0 6.5 0. 0275
2 14. 0 2.0 0. 5357
3 14.0 0.75 3.8096
4 14. 0 0.27 29. 395
The pressure drop for the i'th stage is:
= 2 .
AP; = C; Q% 1
where: p = air-steam density, 1lbs cu/ft

Q = actual cu ft/min flow
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4]
[
e
1]
s
0
D

. The impactor has four 20 cc chambers. The re
time per chanber is:

0.20
t = o
Q) (60) (E:
where: T = tine, hours
"Q = 1liters/min air-steamflow rate

The size change of the particle is then found by Squar‘n-.
the droplet radius, subtracting t tines. the change gi ven by - .
"Egudation 1, and then taking the square root,

2 - p2 ar?

R =

new R4 = twdt

Note that AC is computed using thé total pressure dro;

of all previous stages,. but not the current stage. [or exar—r=>r
there is no change for Stage 1 because, while the gas I'S exposed

t hours in Stage 1, the pressure is still the inlet pressure an

ACis therefore zero. For Stage 2, 5C is due.to the ressure d
of Stage 1, but not Stage 2. For Stage 3, AC is the spum of m s

for the first and second stages. The R2,74 for Stage 3 is the
R2 ... from Stage 2.
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7. DENSITY OF AIR-STEAM MIXTURES

The eguation vs2d o calculzte thes densiiv of <o cas
at incident conditions was obtzined by making a mass balzace of
the gas: '
Wp = Ws + Wa ST o)
where: Wy = total gravizetric weight of the-gas, 1z
Ws =. gravizetric weight of steam IN gas, |Db
Wa = gQravizetric weight of -air in gas, 1Ib"~

Expressions for the w<eight of steam and air can be
obtained fromthe definition of noles:

Ns = NS to)
. Wa
Na = Va
where: Na = nunber of noles- of air in gas, lb-moles
Ns = number of nples of steamin gas ib-molss
Ma = nolecular weight of air, 28.97 1lb/lb-mcie -
Ms = =molecular weight of

am, 18 lb/lb-moli=

Substituting the terms of Equati on.2 into. Equati on | 1,
Equation 3 is obtained:

)

'WT = NsMs + Na Ma S {

The nunber of noles of steam and air can be indicated. zn
terms of the gas properties of tenperature, pressure, and volume --
with the equation of state for an ideal gas:

ey
Ns = pr

e~
16N

PavVv
Na "= pp
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wher e: Ps = -partial pressure of steam 1b/in.2
Pa = partial pressure of air, 1b/in.2
T = absclute tenperature of gas, °R
\ = volune of gas, £ft3
R = gas constant Rin Pv = nRT, 1b/in.2 -  f£:3
°R 15-m

Substituting the equalities of Equation 4 into Eguatica 3
and rearranging, an equation for the density of the gas results:

WT MsPs MaPa

v T TRt T Twrr (5}

The first termof Equation 5 represents the density of
-~ 2,

the steam and the seccond term, the density cf ie air. Since the
properties of steam are well known, Equation 5 can be expressed’

as:

WT MaPa . o
- = ds + (6}
\ RT
where: ds = steam density, 1b/ft3

| f Zguations 5 and 6 were used to calculate the densitr
of'-a saturated m xture of air and steamat 271 F and 61.7 psia,
density values of 0.168 and 0.172. 1lb/cu ft woul d be obtai ned,
respectively. Equation 6 provides larger values than Equation.>5
since Equation 5 represents steam and air as ideal gases.

The density of the gas during Test-12 was calculzted
below as 0.177 1lb/cu ft, based upon the mean total pressurs of
61.23 psia, gas tenperature of 271 F, and a wet-buvlb tenperature
of 268.2 F (tenperature at inlet to separator).

28.9.7. X 20.57

0.1009 +

It

e
\% 730.7 x 10.73

0.177 1lb/cu ft

The tenperature at the inlet to the separator.is consierec
as a wet-bulb tenperature since the spray nozzles continuously wet
this thernocouple. The air is saturated at this |ocation since
sufficient spray flow is provided, and the area of the individua
spray particles is large enough so-that sufficient mass transfer
between the air and water droplets will occur. Section 8 rrovidss
a di scussion of the mathemetical relationships between the water
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8. HUM DI TY CONSI DERATI ONS FOR AIR-WATER SYSTEMS

The original concept for this investigation was that
tests would be conducted in saturated air at elevated temeratue
and pressure. It is conventional to assunme that the atnosphere

in.a PWR containnment-at incident conditions will be a 100% relzzive .~
hum dity although, for reasons given in Section 3 cf this repors,
there i S reasonable doubt that this will actually be attained at
the intake to the air-handling equipnent. MSA felt that 3t was
inmportant to this programto maintain the inlet fluid as =zear as
possible to 100% relative humdity and nade a deliberate effort to
insure that this was done. The neasured droplet size nmay be
materially affected if the relative humidity is |ow However, ;
except for aggloneration by collision with other droplets, it
shoul d be constant if the relative humdity is 100% Unfortunazely,
no instrunents or methods could be found for neasuring relative
-humdity at the test conditiors which would produce resul:s tha:
coul d not be challenged. Some conventional direct-readirns insizu-~
rments depended on an adsorber which would deteriorate at the
el evated tenperature; others had no data on response of txeir
sensor at el evated pressure. The following is the derivation oz -
t he net hod-sel ected as the nost accurate. It will be seex that.
it indicates the testing was done at nearly 100% rel ative humiéity
but that, mathematically, it was never conpletely reached.

The conposition of the air streamw th respect %o watsr
vapor content enters into calculations such as pressure drops o=
flow rates, affects performance of certain-conponents to sone -
extent, and exercises a relationship on liquid droplet size and
life. The ratio of water vapor present to maxi mum content possible
is commonly expressed as relative humdity defined arzi

RH = pyg(l00%) (3) -
where: Pw = partial pressure of water in
the gas nixture, 1b/in.2
Pws = vapor pressure of water at the dry
bul b tenperature of the m xture, 77
1b/in.2
Wet bulb tenperatures were recorded during all %ests.

For operation at atnospheric pressure, relative humdity 3is obtzine<
directly from psychonetric tables or charts. At elevated presszres
and tenperature, typical of PWR incident conditions, a mathematical

model is used to cal culate relative humidity val ues as derelopet
in the follow ng subsecti ons.
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- 8.1 CALCULATION OF RELATIVE HUMIDITY

The partial pressure of steamin a steam—air mxture
at 61.7 psia and 271 F with entrained water drorplets was corputed
by combining the heat and wmass transfer Equations 2, 3 and 5 as
devel oped. This partial pressure can then be divided by the vapor
pressure at the dry-bulb temperature to obtain the relative
~“humdity. At elevated temperatures with high steamair rati os,
~the mass transfer dom nates the heat transfer and the partial _
pressure of water in the steamair mxture approaches the wet-bulb
saturation pressure. At room tezperature, with |ow hunmi dities,.
these pressures differ.

The analysis of the relative hunidity- consist&f derivizg
the heat and mass flow equations and perform ng a heat bal ance. -

Consider a droplet of water incontact with the air
stream The tenperature of this dropletwill be the wet-bulb tern-
perature; i.€., slightly lcwer than the air which is at dry-bulb
_tenperature. The droplet tenperature is assuned to remai n constanz;
the sensible heat of the droplet will be constant and not enter .nio
the calculation. A heat bal ance can be nade for the droplet. 1 rere
is a tenperature difference between the air and .the droplet, and eat B
flows into the droplet. This heat then furnishes the required
-latent heat to evaporate water which diffuses into the air.

The partial pressure of the water vapor at the dropl et
surface equal s the vapor pressure of water at the droplet tenpera-
ture (see-Section 8.3). \Wen the bulk gas streamis not quite )
saturated, there is a partial pressure gradient which allows water
vapor to diffuse fromthe droplet to the air. The droplet tenpera-
ture is the tenperature that bal ances heat flow toward the¢ droplet
with the latent heat consuned as water evaporates and diffuses from --

the droplet.

Heat flux supplied to the droplet is given by:

4 K (Ta-Td)

I X (2)
wher e: K = thermal conductivity of steamair nixture

Ta =" air tenperature, F

Td = droplet tceperature, F

x = filmthickness, ft

heat transferred, Btu/hr

Q
I
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The diffusivity is calculated fromthe equations of
Reference 20 and then the water diffusion rate is cal cul ated.

p3/2 T 1
m = 0. 0166 [ 1 1/3) -+ T C{3)

P({Va /3 + Vw

Ma Mw
wher e: t = tenperature, °K- -
P = pressure atnospheres --
Va = nolar volune of air at normal boiling
poi nt, 29.9 cc/gmmol e -

= nolar volunme of water at normal boiling
point, 19.4 cc/gmnole

Ma = nol ecular weight of air equals 29_
Mv = nol ecul ar weight of water equals 18
Dg = diffusivity of water in air, f£ft2/hr

The-mass transfer in the "one way diffusion”™ case --
water diffusing through a stagnant layer is expressed by the
foll owing equation:

&a_ DgP Pa?2 _
A = RTX In Pal (4)

5 This can be converted to an equivalent heat flow bir
multiplying by the latent heat of water.

q DgP A anPaZ

A = RTX Pal (5
wher e: A | atent heat of evaporation, Btu/lb
R = gas constant
T = tenperature, F
x = filmthickness, ft
Pal = air partial pressure in gas distant

from droplet, psia

Pa2 = air partial pressure at droplet, psia

>
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Equation 5 can be solved for the ratio Pa2/P,p. The
equat i on becones:
gx_RT
Pa2 ~ ®XP A pgp AMw
Pap

(5a)

Both Equations 2 and 5 require a film thickness-to be
kncwn. Setting the two equations equal to each other and assum ng
the heat transfer and diffusion film thicknesses to be equal, an
expression is obtained for the partial pressure of the gas in terns
of-the water droplet and gas tenperatures.

The partial pressures of the air are related to the water
vapor partial pressure at any particular point by:

p, = Pt - Pw ) (6)
where. P, = total pressure, psia
Pw = water particle.pressure, psia

The relative humdity is then:

Pw (100) (Py - P,) (100) - 27),
R = e PVE
wher e: Pns = vapor pressure of water at dry-

bul b tenperature, psia

Then, givena wet-bulb tenperature, a dry-bulb temperature.
and the system pressure, the relative humdity is calculated by -

these tests:

=

1. Calculate by Equation 2A

2. Calculate Dg from Equation 3.

3. Calculate the ratio P5z2/P,;7 from Equation 5A.

4, Calculate P_q, the partial pressure of air at the
dr opl et sum%éce; from Equation 6. Pw at this point
is the saturated water-vapor pressure at the wet-
bul b temperature obtained from the published data.

5. Calculate Pyy, the partial pressure of air_in the
bulk stream ~ Miltiply P,y fromStep 4 by Pa2
from Step 3, Pap
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5.2 sampL,E RELATIVE HUM D TY CALCULATIONS

_At typical PWR incident conditions of 47 ésig4271 F,
the relative humdity for various wet-bulb tenperatures =5 cazlo=u—
fated by the above methcd gives the following values:

Wt Bul b, F 271 270.5 270 269 268 2

(24}
Ut

CRH, % 100 99. 2. -98.2 96.7 95.1

7
<
i

Since, at this tenperature, 'the nmass transfer is guite
"large conpared to the heat transfer, the relative humdity couid
have been accurately approximated by taking the ratio of partial
pressure of saturated water at wet-bulb temperature tO the partial
pressure- of saturated water at the dry-bulb temperature. pNote *ha-
replacenent of Steps 1 through 6 by this ratio of partial pressures
is not valid at |ower tenperatures.

8.3 DROPLET 37ZE

The selected relative humdity calcul ations neglect txe
effect . of droplet size. Snall droplets have a higher saturation

-pressure than do large-droplets. The change in vapor pressure due
to the curvature of the surface is dependent on surface tension anc

droplet size. This relationship can be expressed (17) as:

2Pos
AP = yd RT
where: PO = saturation- pressure of liquid
6 = surface tension
M = nol ecul ar weight
AP = vapor pressure increase due to
curvature
d = density

r drop radius

R

gas constant
T = absolute tenperature

The effect is small. For exanple, at 20 C, a droplet
1 micron in dianeter would have a vapor pressure 0.2% greater thran
bul k water: and, consequently, it may be neglected with no sericus
effect orn accuracy of the relative humdity cal cul ation. Impacior
bench tests of the 1A atom zing nozzles indicated the presengé 6?
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8.4 ADI ABATI C HUM DI FI CATI ON

One can also look at the tenperature change which reszlts
when air is humdified with NnO external heat input. |f partly
saturated air and water at the sane temperature are mxed and zre
kept thermally insulated from any heat source, the air will beccme
saturated as the water evaporates. The- sensible heat given up xy
the water and air then equals the latent heat required-by the
evaporati ng water.

At one atnosphere pressure, the adiabatic humidification
line (equating sensible and |atent-heat) coincides with the lins
equating heat transfer and water diffusion. However, at higher
pressures, this no ‘longer holds true. Conseguently, fhis approach
was not used for the relative humdity deter&nation.
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9. SAMPLI NG METHODS AND PROCEDURES | N T9E ETF

' The sanpling procedure which evolved fromthe labora—ry
studies was to be proved by installing a Cassella Impactcr on =he
ETF before and after the noisture separator to sarple under amtiern—

and incident conditions.

8.1 éAMPLiNG AT AMBI ENT CONDI Tl ONS

- The sanpling-nodul e desi gned for use at-incident confi-
tions was adjudged to be too- cunbersone for use at anbient con&i- -
tions. I nstead, the sanplin? probe was inserted through two esist:-
"3=inch openings on the top of the outer shell of the ETF. The
pr obe extendeg through the inner shell and was curved 90 degress tc
point upstream  The-sanpling tip was 0.51 in. IDto mate the
sanpling rate to the streamvelocity. The downst ream prebe termin-—
-ated at a location 10 in. 'in front of the -HEPA at a point sligt=ly
bel ow the mid-pointof the separator. The'- upstream probswas

basically on the sane |ine but sanpled at a |ocation abort 18 3z,
in front of the separator

- - -~ The-inpactor was housed in an air-circulating constan--
tenperature enclosure affixed to the outer shell. A qchematic =f
the sanpling systemis shown in Figure 22.  The secuence of stess
involved in taking a sample consisted of (pe £o1lowing: )

_ The charged impactor was connected to. the sampling przbe
by a single union coupling. The tenperature in the impactor homsirc
was maintained at ~5 F apove the test streamfor at |east fiftsen
mnutes before sanpling. Wth the three-way stopcock closed, a
purge Of dry air wss~dintroduced Which flushed the sanpling prob=.
Before sanpling thxough the inpactor, 5 two-ninute sampl e was prlies
up through the probe and vented through the by-pass fhstalled E%I ==

front of the impactor. The intent of this step was to ensure trat
the test stream was brought to the entry of the impactor withouw
m xing with any residual dry gas hol d-up.

sanpling through the impactor was performed by switching
the three-way valve fromthe by-pass leg to {npe jppactor. Usinz
"~ this procedure, sanPIing intervals up to 30 pjnutes at flews of -
0.62 cfm were commonly used. At the conpletion of the sample tzkinc,
the impactor was backflushed with dry air. - -

9.2 SAMPLING AT | NCI DENT CONDI Tl ONS

The Cassel | a Impactor was adapted to operate at incidsxt
conditions by encapsulating it in silicone-rubber sealant and

installing it in the 6 in. chanbers on top of the E=F.
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Basically the same sanpling technique described ia
Section 9.1 was enployed, with the exception that the shell was
pressurized to equalize the pressure inside and outside the

impactor during sanpling.

9.3 CHARACTERI ZI NG THE ENTRAI NVENT

To establish separator renoval efficiency in the <1¢
mcron range, it was first necessary to define the. challenge
"stream. Characterizing the challenge streamwth its high droplet
concentration presented a major difficulty. | mpacti on methods ars
generally restricted. to low |loadings, and the need to_use the.
‘Cassella Impactor further limted the type of possible solutions-,"*
Dilution of the challenge stream was given consideration but was
felt to be inpractical. Sanpling by inpaction was limted %o the
use of the 1A nozzle which was the source of fine particles and
had been tested in the |aboratory. The manufacturer's data were-
used to identify the chalXengé stream wher the cocarser sprays wers

used.

9. 4 “ENTRAINMENT AT AMBI ENT CONDI TI ONS

The sel ected approach to circunvent the high loadings was
to estimate-the challenge stream by extrapolating the data cbtained
at |l esser |oadings which were nore favorable to the use of the'
impactor. Figure 23 shows the mass distribution curves of the
entrainment in the ETF when supplied by a single 1A nozzle and,
again, using a bank of five 1A nozzles. Data were collected in ths
ETF at 1600 cfm (400 fpm velocity) at anbient conditions. In
.general, the nethod of sampiifiyg and the operation of the EIF was
basically the same as would be enployed in a separator test.

Sanpl es were collected at the downstream sampling port
with no separator in use and reflect only that portion of the genera-
ted m st which survived passage,, through the cooler. The ETF was
first-stabilized uwn» respect to relative humidity (98%) using all
t he-nozzl es, and then impactor sanples were taken inmmediately after
returning the systemto either the-1- or S nozzle source. The
results are presented in Figure 23 as the accumulated mass percenge
veksus particle size in the 2.5 to 10 m cron range. These results
indicate a shift in the entrainnment distribution toward the finer
particles when using nore nozzles for increased | oading. Undoubtedly,
loss of the finer material would be more prevalent where only -
single nozzle was used; hence, the data obtained with the five
nozzl es were used as a base. In this manner, for example, .30-
nozzl e system was assuned to have the sane distribution but a six- .
fold increase in total mass. Verification of these data was attemgted
by resorting to a "grab sampling technique" taken from a fully loaded
test stream (39 nozzl es). The results were erratic. <%he data
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The differences in rated flows anong the several
separators was not considered sufficient to cause any significant
changes in entrainment distripution. No testing was done to
investigate entrainment at greater variations in flow

Using the total nmass found on the impactor slides for
five 1A nozzles, it was calculated that each 1A nozzle was coniri-
buting 0.0019 lbs/hxr of droplets in the measurable.range of 2.4 T
to 10 micron. The rated capacity, including all sizes of p cles

for this nozzle at 8 psi differential pressure, is aboutl lb/h:
- (Table 2). Based on. this tctal rated vapacity, the percentage
of mass less than-10 micron as found by the inpaction method was
0.19%, which is considerably less than the value of 0.5% obtained
-by extrapolating- tha approximations suggested by the manufactursr
-(Figure 16).

- One problem found with the 1A nozzles was their suscesti-
bility to plugging. An attenpt was nmade always to start a test
with all the nozzles operating but, in nost cases, they startec
plugging early in the test, as -evidenced by the reduced water
renmoval by the separator. The maxi mum renoval neasured was 6.4
‘lbs/hr at the-beginning- of one run, and it can be assumed that =11

the nozzles were open -and producing 39 1lbs/hr, based on infornmation
fromthe manufacturer. If this was actually the case, then onlx
16. 4% of the water droplets reached the separator and the rest were.
| ost by inpaction and aggloneration along the way. As pointed zut
in the precedi ng paragraph, the dimpactor results indicated 0.00:9
lbs/hr as conpared to 1.0 1lb/hr being generated by a nozzle.
Assuming only 16.4% or 3.164 lbs/hr reached the impactor nozzl e,

the impactor was neasuring only 1% of the total water. Thi s doss
not mean that the impactor was inaccurate because it was measuring
only in the 2.5 to 10 mcron ranﬂr and the quantity of water in
this range is not known. :

Tabl e 3B was used iu an attenpt to determine the weigkt
of particles above and bel ow 10 mcron and the cal cul ati on indirates
21.3% of the liquid is in particles 10 mcron and bel ow. Unforiunaz=:
ly, the liquid used or the conditions of atnoization are not kncwn
other than the fluid and gas were both at 15 psi. Since this wss a=
“atom zing nozzle, the concentration of fine particles should be
hi gher than for a 1A nozzle.

Wil e the impactor results, were not entirely satisfacinry,
it did appear that if small droplets were present in the air dowm-
stream of the separators the impactcr would give a possible indica-—
tion, even though the results woul d probably be on the |ow side,
since this seened to be the best tool available to evaluate the size
and concentration of water particles, the decision was nade to con-
tfnue with the Cassella | npactor.
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g . 5 ENTRAINMENT AT | NCI DENT CONDI TI ONS

The fine droplet (2.5 to 10 mcron) distribution of the
entrainment fromthe 1A nozzle at incident conditions iS shown in
Figure 2 4. In general, the curve cbtained at incident conditions,
in which atom zation by steam instead of air was used, approximaies
the distribution obtained at anbient- conditions. It was al so
found that the mass of droplets generated using steam was consider-
ably less than the mass delivered with air at anbient condition,
-The mass of fine particles determn' ed using steam was 0.00081 1b/ar

. -per nozzle. -Small-scale |laboratory studies, at.212 ¥ .and 30 psi,
in which water feed to the -siphon was neasured, indicated that a
25:1 decrease in total output mght result when steam was used in

. place. of airs The nozzle manufacturer stated that a slight reduc-
tion in output mght result fromthe use of steam

A breakdown of the various particle sizes is shown in
Table 10. Visual inspection of the challenge stream showed a fog
concentration estimted to be about 50%.0f that at ambient. The
total water reported by impactor measurenents is 2 x 10~3 mg/cuM

which is well below the visible range.

TABLE 10 - FINE PARTI CLE DI STRI BUTI ON MEASURED FOR 1A NQZZLES
USI NG STEAM I N THE ETF

Chal | enge Stream Mass

Particle Size, u lbs/cu ft, 273 F, 47 psi mg/ caM
2.5 2.42 x 10712 0.388 x 10~5
4.0 11.2 x 107E¢ 6.6 x 1075
5.6 116 x 1o-12 18.6  x 107>
7.2 440 x 10712 o 70.5  x 10~5
8.8 361  x 10712 57.8  x 10~3

1.98 x 10-3

These results are m sleading when the neasurabl e water
fall-out and visible m st downstream of both the Farr and Momsanto

Separators are considered, |t appears that when water particles
were present, the impactor would give an indication but the
results were not quantitative, In Section 9.4, it was noted +that

when the spray was characterized the impactor i ndi cati ons were
bel ow the manufacturer's theoreticail values by a factor of 2.5,
It issionificant that wharn Fhava roa- - ST Y R S L
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9.6 vistaL OBSERVATI ONS OF WATER PARTI CLES

(bservance of the fog through the sight glass upstream
of the separator indicated a rather dense concentration. An
attenpt has been made to correlate this with known facts about
at nospheric fog. Informati on has been-secured from the literature
and visual observations of actual fog have been made by MSA per-
sonnel. In the MSA Catal og, Section 10, Technical Information

on pages 57 and 59 (shown as Figures 25 and 26), there is infornma-

tion on fog concentration and particle size. |n Figure 25, visi-
bility in feet is conpared to the concentration of water in air

in mg/cu M _The concentration t0 be consistent with test observa-
tions is converted to lbs/cu ft for this discussion. A t a concen-
tration of 3 x 10-6 1bs/cu ft, the VISIbI|It§ I's approximately

5000 feet/and at a concentratlon of 4 x 103, it ° is approxi mately
40 feet. Cbservations of actual fog in daylight, as the fog
density was increasing, indicate that when the Vvisibility IS as

low as 520 feet there are not ancugh particies in 2-4 feet tO see

t hem In the ETF, the depth of field was 2 to 4 feet, so any

visible particles represented a |arge concentration if the obser-
vations of actual fog held true. At a renoval rate of 2.5 1bs/hr
for a separator, the upstream air contained 2.6 x 10=3 lbs of

water/cu ft.

-The Cassel |l a Impactor WAS used to neasure the size of
fog particles and the results of 2-50 mcron checked very- well
with the results of 2-40 mcron shown in Figure 26. The reported
results are credited to three different investigations and it is
not known what nethod was tied to neasure the particle size. | f
a Cassella Impactor was used in each case, it mght be said that
the results shoul d agree whether they are righi.wr wong; however,
since its use has been so extensive, it is assumed that size
nmeasurenents are fairly good.

If reference is made to Figure 25, it can be seen that
the lower visible range of fog is 5 mg/cu M and the impactor
results, reported in Section 9.5, are 2500 tines ess than this.

-One of two conclusions can be drawn fromthis -- either the

majority of the particles is above 10 micron and not neasured by

‘the inpactor; or the impactor is not capable of quantitatively

nmeasuring the small particles. If the first is true, alnost any
separator will renove the large. particles and there will be no
visible particles in the dowmstreamair; however, if the second is
true, there nmay be visible particles downstream of the separator
even though the impactor indicates a | ow concentration. Actual
testing wll verify which of these is true.
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10. ZEINTRAINED MJ STURE SEPARATORS COMPARI SON SUMMARY

The five noisture separators tested in this program ars
shown in Figures 27 turough 36. A compiete description of each
separator, the nethod of installation, and a discussion of the tsst
results can b= found in the Appendi x.

T2sc procedures used were outlined in Section 4, wth
nmodi fications as necessary for the individual separators. Test con-
ditions were essentisily the same for the five separators but some
vari ations were necessary to neet the manufacturers' recommended
cperating conditions. The primary difference was in air flow which
varied from 1140 to 1800 cfm as shown in. Table 11.. An unintended __
difference cccurred in the water spray rate from the 1A nczzles

during anbient and incident tests. The extrenely cald weat her
resulted in a shortage of atom zing steam at tines, and the small.
nozzl es had a tendency to .plug, even. though there was a fine filter
in the line, causing the flow to decrease. a

10.1 SEPARATOR S| ZE

The size of the separators was uniformly held to 24 x 24 i-

maxi mum face diwensions to fit the ETF. This is the genera

standard size for nobst commercial separators, except possibly the

AAF module. Based on rated flow for this size of unit, the ratizg

in square feet of separator cross-section per 1000 cu.-ft of rated
gas flow is tabulated. On this basis, mninum installation space
required for a given flow rate is provided by the Mnsanto separator,
followed closely by the Farr separator, and then the York and MSx

separaters -- all within 15% of each other: 2.2 - 2.5 sq £t/1002
cv, £t. The AAT separator requires the largest -installation spac#

nf 3.5 sg ££/1800 cu £t -- 40-60% nore than the others.

Installation depth varies froma low of 2 in, for the
Mors anto to 5 in. for the ¥SA and to 24 in. for the AAF separator; --—
about 5-12 times nore than the others, exclusive of access space,
Wei ght coxparisons vary from 20 1bs for the York: to 111 1bs for
the aAF; the latter weighing nore than any of the others by a factor
of 3.5 to 5.5. In all these conparisons, both the Monsanto and Torx
separators w || need provisions for mnimzing reentrainment and
wei ght and space for these nust be added to the basic values given.

10. 2 PRESSURE SRGP

Pressure drop at rated flow using standard air both wizn-
out and with entrainment was lowest for the Farr (0.27 - 0.35 in, WC:
followed cl osely by Monsantos (0.32 - 0.42); then by AAF (0.78 -~ Z.20°

-~ #sa (0.97 - 1.33) end York (1.24 - 2.22). -These pressure drops
increased 20-79% with maxirum entrainment |oading tested at ambisnt
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TABLE 11 -

COVPARI SON  OF SEPARATORS

AU

turer Monsanto Farr York MAAF MSA MSA
ior Model ‘Baffle Typo (po_68-44 mzu | Type 321 SR Type T Type G Type G
Humbor 1 7010 TY=-5 491-118 1234-2 1234-1
nchos 4 x ad x f o 24 x 4 4 %24 x 2.t 24 x 24 x 24 24 x 24 x § 24 x 24 x 5
|B/MCF 2.22 2,24 : 2.5 3.5 2.5 2.5
leight « lbs 26 32 20 111 30 30
'low, CFM 1860 185 600 1140 1600 1600"
Ylow, in, WC 0.1 0.17 1.24' 0.711 0 1.03
0P-Penetration % 100 100 93 95 96
JOP-Penatration % 98 99 69 93 80 78
| Numvar T-18 T-19 T-20 T21  NUTR4 T-22 . RCUT-23 3 T-14A T-14
'F ~ Prossure psig 100 - 0 9 =~ ¢ 9% -0 88 - 0 § 271 .~ 473 100 - O 271 - 47 80 - 0 : 271 - 41
N . \ t
ment § ©y & . R\ \\\
fémoval, lb/hr 61.7 566 ©33.4 L N so:1003 406 & 28, 55 31 112 N 22, 47
iration, lb/hr 0.37 S0 s | v94.2 0 § R 3 0 \ 0 N 0 . 0 .
tiency, o >99 100 s © 26 -100 §~1oo 3| oo §~um S 100 i -100
! x Removal, lb/hr 717 738 18 444 § 0 651 &\ 0 N 0 i 56
‘anetration, ib/hr 0.37t Hia 0.29 + Foy | 100.2 0 N - N 0 N Nriow Test to 0
ifticiency, > 99 99 16 ~100 N - ~100 - 2100 CFM only,}:~--100
4 § : _ k 2t constant ~
moval, lb/hr 3.66 2.9 .81 6.4 NS TR 2.5 <L .\Jloading of 0
'onetration, lb/hr 0.37 + Mis 0.29 + Fog 1. 44 0 N ] N Q ) , 0 560 p and Not
ticinncy, <9l 291 ‘ 36 ~100 N, ~100 g s ~100 NG TR s 110 u uvo Avallable
N . -
orAp, in. wWe ‘ N SR . . N
Fhient 0.35 0.26 1.29 0. 80 Ny - 10.88. 0.93 N, 0.88. 'Q 1.00 1.00
lax imum 0.42 0.35 2.22 1.20 N ‘1,89 N 1.40 F 1,88 1.30 1.73 .
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ETF conditions. The percent of increase was least for Mnsanto

at 20% Farr, at 35%, still showed the |lowest total pressure drep.
MBA at 408, AAF at 50% and York at 72% showed the highest iacrease
at the lowest tested entrai nment |oading rate,

10. 3 DOP PERFORVANCE

The 0.3 micron DOP penetration results tabulated for the
vari ous separators indicate at best that the York,. AAP and %sa
separators show a measurable attenuation-of particles in this size
range, while the Mnsanto and Farxr separators gave no measurable
response. Repeat neasurements of units.-in this high penetration -
range have varied-by * 5%  Thus, nunerical conparison of values
reported in the upper 90% penetration range can be interpreted only
as showing or not showing a 0.3 micron particle size attenuation

response,

The 0.6 micron Do? pencetration results tabulated for
the various separators simlarly lose reliability of interpretation
at penetration |evels neasured in the upper 90% range.'- Thus, the
Monsanto and Farr penetration values may indicate only a slight
attenuation response for 0.6 mcron particles. The values tabulated
for the other separators show that the highest renoval efficiency
for 0.6 mcron size particles is obtained by the York separator
(69% penetration) followed by MSA (79%)-and the AAF (33%). Other
York separators gave neasured 0.6 mcron DOP penetration to 73% at
1.30 in. WC If these geparators were reduced in nedia content teo
hold 1.0 in. WC (DP812‘ maximum all owabl e),-penetration can be
expected to reach ~80%. This is comparable to the val ues normally
reached with MSA separators as neasured for the two units tested
here and based on HSA product&@ |l ot results for both Type G and
Type T separators, \

10. 4 EFFICIENCY

Entrai nment renoval efficiencies of the tested separators
are sumarized in Table 11, according to approximate MVD particle
size. Most efficient (~100%) were the AAF and MSA separators at
no detectable penetration in the ETF at either anbient or elevated
operating conditions. The Farr separator is rated more efficient
than t he Monsanto on several points: at 190 micron MVD, there
was no neasurabl e penetration dropout; atl10 micron MVD oxr together
wth 70 mcron, a |lower penetration dropout rate was neasured,

vi si bl e entrained penetration appeared as wi sps of fog rather than
the nmore uniformmst; and finally impactor sanpling gave higher
efficiencies for the Parr separator, Least efficient was the vYork
separator. This is based on 16-36% renoval efficiency within the
separator case W th the bal ance being reentrainment in the effiuent

stream which was carried up to 18 in. downstream of the separator
to within 6in . nf +ha ww\ri Famd e TEMA L oo - .
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units in height, the |ower HEPA filters would be deluged with re-
entrai nment unless protected by intervening distance or mechanic&

nmeans of renoval

Predicted efficiency curves for these-tested separators
in the €10 mcron size range are presented in Figure 37. The cal-
culated efficiency for a typical fine fiber nmedia bed is presented
in Figure 37 as Curve 3 (taken from Figure O, Curve 21. This
curve was derived by Savannah River for performance comparison by
anal ogy to tiie nedia bed conparison of the York separator. wmsa
failure to detect any penetratlon down to 2. 5 m cron verifies
aggl oneration efficiency equal' to or greater 'than the upper calcu-
|ated values. The 0.3 - 0.6 ~ 1.1 micron DOP values for this
Teflon nedia indicate slightly better aggloneration values than .
originally calculated in the | ower subm cron particle size range.
Since this plot shows entrai nment renoval values instead of fine
particle agglomerating val ues, 3nclading the York separatcr effi-
ciency on this plot would be misleading.

Renoval efficiency curves for both the MSA (1) and AAF
(2) separators are assuned to followclosely the cal cul ated values
of Curve 3 in the larger particle size range based on no detectable
penetration visible, neasurable as reentrainment dropout, or by
impactor sanpling of effluent gas to 2.5 micron particle size. - |In
t he submicron particle size range, the MSA separator is judged
slightly nore efficient than the AAF separator based on DOP

neasur enment s, Al'l MSA production history*has verified 0.6 mcron
DOP neasurenents at a mormal |evel of 80 = 5% penetration, within
which the two tested separators fell. Conparison of MSA glass wth

Tefl on nedi a has shown about equal.xesponse wWith 0.6 m cron DoP.

At 1.1 micron DOP test levels, tygaical MSA Tefl on nedia indicate
~40% penetration, 60% removal at 1 in. differential pressure,

whi ch shoul d again be comparable to t he Type Gnedia-.- The 0.3 micron
DOP results are probably firm at near 95% penetration, since

previ ous Type G separators have given values from 86 to 98% pene-
tration. Thus, the efficiency curve for the--MA-Type G Separator
diverges fromcalculated Curve 3 in the submicron size--range by
follow ng the nmeasured DOP data points. The AAF Type T separator
curve also diverges from Curve 3 in the submicron range based on

the rather firm0.6 mcron DOP penetrati on measurements of 93 - 95 -
92% made on this unit over the course of testing, The single 0.3

m cron DOP neasurement of 95% penetration nmade is rejected in favor
of the nore extensive and reliable 0.6 mcron DOP neasurenents made.

Renoval efficiency of the Farr Separator (Figure 37,
Curve 4) was predicted as being sonewhat |ess than impactor -sure.--
- , since these are based only on that size particle remalnlng
entrained in the effluent gas stream  Conceivably a good portion
of particles in #is size range:entering the separator are agglomer~
ated to an internmedi ate size. preventina remnwal withiw sn. 27
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nmeasured performance of 0.006 in. dia. media xeported by Elaml?®,
Thus renoval performance for liquid droplets is estimted con-
siderably higher than the values reported for dust by Farr
(Figure Bl) for the larger (5-10 micron) particles; below the
Farr values and equal to Elam values in the 2-3 mcron size; and
approaching a "DOP response" value in the 0.6 micron particle

Si ze.

Renmoval efficiency for the-Mnsanto baffle-type
separator is simlarly predicted to have an eff-iciency response
as shown by Figure 37, Curve 5. By analys-is simlarto that
reviewed for the Farr separator, the-renoval efficiency closely
parallels that- for Farr but at somewhat reduced-levels for each
particle size.- The 0.6 micron DOP measurenent again indicates
detectabl e attenuation of particles down to this size. This |eve
of response is conparable to that for 0.011 in. dia. .x 16 '1lb/cu ft
wire giving 99-98-97% penetrations for |-2-3 in.-thicknesses,
respectively, at 400-500 fpm Bel ow 200 . fpm, 0.6 m cron DOP pene-
tration was 100% for all wire thicknesses.

10. 5 CONCLUSI ONS

O the five separators tested, the AAF and MSA units
performed satisfactorily in that they renoveddat least 99% of the
entrained water in the 2.5 - 10 mcron range and probably in the
1 - 2.5 mcron range, but this was not neasurable. Their pressure
drop was less than 1 in. WC at rated flows of 1140 scfm for the
AAF and 1600 scfm for the M3A separator. -The Farr and Monsanto
separators were approximately 90 and 85% efficient, respectively,
in the 2.5 - 10 mcron range based only on.the water collected _
in the downstream sunp. The York separatc: allowed reentrainment
of water which resulted in an efficiency cf-40% at all particle
size ranges and had a pressure drop greater than 1 in. WC at rated
fl ow of 1600 scfm.
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11. Special Areas of Study

The coatrazt listed thefollow ng nine areas which wers
to be investigated:

1. Efficiency versus particle sijze
2. Efficiency versus flow rafe
3. Efficiency versus dust loading
4, Efficiency versus ressure drop
5. Pressure drop versus dust loading --
6. Ceanability
7. Ar shock resistance versus | oading
3. rlooding
9. Corrosion resistance

Following is a discussion of each of these areas:

‘ 1. Efficiency versus particle size- This is discuss&
in cetail in Section 1lJ.

Zz. Lfficiency versus flow rate - This is also dis-
cussed in detail. in Section 10.

3. Efficiency versus dust |oading - The AAF and MSz-
noisture separators were dust |oaded inm. an existing MSA facility
simiiar to that used at NBS and described in a paper by R s
Diil entitled "A Test Kethod for Air Filters" - ASHVE Transacticns,
vol . 44, Page 379, 1938. The ETF was not used because there was
no provision for adding dust and because dust could adversely
affect the operation.

Dust | oaded separators were not tested for efficiency
in +he DTF 'because thev could only show a hi gher efficigacy tha=z
the 99% rernorted when clearn. Another reason was that “¢he cust
was so ranidly removed from the separators by a water spray that
the flowmeters in the érains woul d have been plugged. The fact
that so short a tirme would have been available to collect data
2ither before the dust was washed out or before the drains pluc-
ged made this operation impractical.

3. Efficiency versus Pressure drop - This is discussz<
in Section 10; however, it should be pointed out that the e<-
ficiancy of the various particle sizes could not be correlatec
with nressure arop.

>. Pressure drop versus dust loading ~ An AAF and an
Sz moisture separator were dust loauec using NBS dust (8-12 )
until the pressure drop increasec 100% or for a |ong enough tirs
to establish a trend.

7able 12 surmarizes the results of the test and
actual data for the AWF separ ator is shown in Table 13 and for




o]
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TABLE 12 - DUST LOADI NG SUMVARY

bust Wi ght (gm) AP

Separ at or Run Tine Fed on Separator 8¢ Decrease
AAF 505 611 224 13
MSA 216 343 252 100

The MSA-separator showed an increase of 100% in the
differential pressure after retaining 252 grans of dust in 216
m nut es. The AAF separator differential pressure had increased
only 13% after collectirg252 grans of dust in 505 m nutes so
the test-was termnated. The difference in performance seened to
result fromthe fact the MSA separator renoved the dust in the
fibers while the- AAF-separator renoved sone- of the dust:in the
baffl es and sonme in the-fibers but nmuch of the dust passed through
and was visible in the downstream air.'

TABLE 13

AAF SEPARATOR DUST LOADING TEST

Ti me AD FI ow - Feed
#in in. H,b0  c¢fm min Remar ks
0 0. 84 - 1140 1.20 o
5 0.86 1140 1.20 Fi nd dust noti ceabl e
’ downst r eam
15 0. 86 0 0 Down 15 min.
45 0.86 ... 1140 1.20
105 0. 86 0 0 Down 35 m n.
,...140 0. 86 1140 1.20 e
S0165 0. 88 1140 1.20 Fine dust noticeable '
o downst ream
186 0.90 1140 1.20
255 0. 90. 0 0 Down 15 min.
270 0.90 1140 1.20
320 0.90 1140 1.20 307 gmdust fed in 255 mimn,
0 0.90 1140 1.22 Down 17 hrs 25 mn.
15 0.90 0 0 Down 15 mn.
30 0.95 - 1140 1.22
90 0. 95 ~ 1140 1.22 Fi ne dust noti ceabl e
, downst r eam
180 0. 95 0 0 Down 65 m n.
245 0.95 1140 1.22
330 0.95 1140 1.22 304 gms fed in 250 mn.
Total run time 505 nmin.
Total dust fed 6 11 g ms

Wei ght gain of MS 224 gms



TABLE 14

(2]
o

MSA SIPARATCR DUST LOADING TEST

2

ﬁeight Gai n of

Tine AP Fl ow Peed
*in. in. 1120 cu ft/min. cn/min.
0 0.90 1600 1.72
5 0. 93 -1600 1.72
12 0. 96 3 0
17 0. 96 3. 600 1.72
37 1.04 1600 1.72
47 1.09 -1600 1.72
36 0 1.25 1600 1.72.
) 1.12 1600 1.61
16 1.17 3 0
20 1.22 1600 1.61
35.. '1.26 1600 1.61
50 1.30 1600 1.61
60 1.32 0 0
100 -1.32 1600 -1.61

110 1.35 0. 0
130 1. 35 - 1600 1.56
135 1.37 1600 1.56
145 1.42 1600 1.56
160 1.50 1600 1.56
180 1.56 1600 1.56

195 1.61 B 0
240 1.61 --- 1600 1.56
255 | 1.70 1600 1.56
1. 80 1600 1.56

Total Run Tine
Total Dust Fed
Moi st ure Separ at or

Remar ks

Dowz for.5 min. Szall
amotnt of dust downstrezm

88-p of dust fed in 51 min.
Down 21 hrs

Down 10 mix. -Dust noticsabls
in duct dowmstrear

Down 40 mn.

Down 20 min. 97 gr dust
fed in 60 min.

Down 45 min.

158 ¢pm fed in 105 mn.

216 =in.
343.0 ams
252.0 gns
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5. Ceanability - Handling the separators after dust
| oadi ng was a probl em because the dust was-di sl odged by the
slightest bunp. Sone dust was |ost when the separators were
removed from the test apparatus and some was |ost in handling
but this was held to a mninum by enclosing themin plastic.

The separators were cleaned by tapping the hous-
ings with a wood stick and by washing with a spray of water.
In both cases the dust was collected on a plastic sheet but sone

was lost in the air and in the water. The MSA separator was
washed with the nmesh in place but the mesh was renoved from the
AAF separator and washed separately. It is recomended that if

-an AAF separator. is ever |oaded wth dust that the mesh be re-

pl aced because after-washing there could be areas of by-pass.

This should cause no problem because the nmesh is easily' removed
and replaced. The followi ng table gives an indication of the
cleanability of the separators.

TABLE 15 - CLEANABILITY OF  SEPARATORS

Separ at or wt of Dust Dust Renoved Dust Unaccount ed
Loaded Shaki ng Washing For
{gms) (gms) (gms) {gms)
AAF 224 154 48 22
MSA 252 181 42 2 9

Since the dust was so easily removed fromthe
separators by the nethods used and since a serious operationa
problei %buld have existed if the |oaded separators had beea
instalied in the Environnental Test System no further cleaning
was done.

‘7. "Air shock resistance versus |oading - Each separator
was shocked several tines at various water |oadings by redocing
the flow to zero and then increasing it as rapidly as possible

to the rated flow for the separator. This was also done to the
separators which were dust |oaded. Wiile this did not constitute
a severe shock, "it was all that was possible in the existinc

equi pment .

None of the separators showed any deterioraticn
to these shocks and based on their construction, it appearec that
they would withstand a force many tines greater.
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8. Flooding - As discussed in Section 10, none of the
separators except possibly one denonstrated. anv tencency to
flood. The water input was limted by the maxirum anount avail -
able fromthe sprays but this was well above what woul d be

expected in operation.

9. Corrosion resistance - No testing was necessary o
because the separa-tors are made of stainless steel and. fiberglass -

and both of these materials are resistant to most chenicals

likely to be encountered. For special applications any neta
coul d be substituted for the stainless steel and Tefl on or Nylon

fibers could replace the fiber glass and if the application
warrants, stainless steel mats coul d-be used in place of tte
fibers. . - . .




84

=12} RESEARCH CORPORATION -

AEC
Ambi ent
ASHE

At nos

cu ft

CuB

CUM

DOP

ETF

ft
ft
ft

FPM

Ga

HEPA

hx({s)

G.OSSARY

Anerican Air Filter Company

(United States) Atom c Energy Conm ssion
At nospheric pressure and tenperature
American Society of Mechanical' Engineers -

Atmospheric

Cubi c feet
Cubic feet per minute
calibrated Upright Blower System

Cubic net er - -
DiOctyi Phthalate
Environmental Test Facility

(degrees) Fahrenheit, Filter
f eet

sapare feet

cﬁﬁiz f eet

¥Yeet per mnute

Gage

grams.

H gh Efficiency Particulate Air (Filter)
hour ('s)

Beat exchanger
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GLOSSARY (conti nued)

. D | nsi de di aneter
in. i nches
in 2 square inches
lbs pounds
L (I.R.C) Level, | - I ndicator
R - Recorder
C - Controller-~

M3 -cubic meters
-max maximum.
mn minimum
mm mllinmeters
VND Mean Nunerical D aneter
MSA Mine Safety Appliances Conpany
MVD Median Vol une D aneter
NPS Nominal. pipe size
OA overall
D outside diameter
P (I,R,C) Pressure, | ~ Indicator

R - R&corder, Regul ator

C - Controller
psi (g,a} pounds per square inch, g - gage

a - absolute

PWR Pressuri zed Water Reactor
rads Radi ati on absorbed dosage (1 rad

RH Relative TwmiAdsd+ov

= 100 ergs/gm)
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GLCSSARY (conti nued)

SCFM Standard cubic feet per mnute
SF square feet
SG si ght gl ass
SMD Sauter Mean Di aneter
T {(I,R,C) Temperature, I - |ndicator
R - Recorder
C - Contrdller’
WC wat er Col um
W- 1 | - D Wdth - Height - Depth (Diameter}
u microns, 10-6 neters, 1073 nm 25.4 u/0.001 in,
A differenti al
> greater than
< | ess than
"~ approxi mately

2 per cent
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APPENDI X

Thi s-section contains-- detail ed

information on the five separators, A descrip-
tion of each separator, the method of installa-
tion and the test results are given. Included

in the test results are visual observations,.'
resul ts of impactor tests.and HEPA nonitoring,
The results of each separator performance are
sunmari zed and concl usi ons nade.

A.

MONSANTO BAFFLE- TYPE SEPARATOR

FARR TYPE 68-44MZH SEPARATOR

YORK TYPE 321 Sk SEPARATCR

AAF TYPE T SEPARATOR'

MSA TYPE G SEPARATCR - °
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A.  MONSANTO- BAFFLE- TYPE SEPARATOR

Monsanto's high efficiency packed-fiber separators are
used for acid plant effluent treatment.3 Cased on MSA survey
results2, none of these separators were selected for test evaluation
in this program because of their higher pressure-drop characteristics
(2-10 in. WO) at lower flow velocities (5-250 fpnm); and since
availability was on a rental basis only, the nmodification required
for this program was prohibited.

However, Monsanto furnished, unsolicited, two of their
standard baffle-type separators without further identification or
technical detail, fromthe Mound Laboratory, Miamisburg, Ohio. NBA
did request data on the separators but none were received. Al though
there was no information available that'this basic separator would
be adequate for fine particle separation service, MSA decided to
proceed with testing. Description and test performance are pre-
sented in the following subsections.

‘A.1 DESCRI PTI ON

Appear ance: See Figures 27 and 28 for photographs.

Type: Typi cal baffle design.
2-stage vane and hook.
20 baffl es/ separator.

Si z e: 24 in. Wx 24 in. Hx 2 in. D5 overall case.
3/8 in, wide flanges, all. around outlet face,
onitted on lower side of inlet face.
3.76 sq ft minimwia face area.

Mat eri al s: Al stainless ﬁteel{;l6 gage nom nal thick-
ness.

Assenbl y: Al wel ded

Wei ght : 25 3/4 lbs

Rating: - Not specified. 1800 cfm used, giving

480 fpm based on higher flow rates
normal ly used for baffle-type separators.

A.2 ETF | NSTALLATI ON

The Monsanto Separator was installed with a gasket seal --
on the upstream face and downstream drai nage was provided. This
resulted in a 1/2 in. flange which retained water within the



inches of downstream duct for. collection of separated entrainmenz
for measurement . For increased visibility at anbient operation,
the 7-inch lang Plexiglass section was inserted into the ETF; any
water collectlng in this section would have to reach a depth of
1/4 :n. befors overflowing int> the water sump for measurement.
This was foliuwed by-the monitoring HEPFA filter with its inlet
face 12 inches downstream fromthe outlet face of the separator,

A.3 TEST ZESULTS

The Monsanfe il pas~22r, as described and installed, was
oraTa LeéX o~ wabient conditions in accord with the general test pilan
of Section 4. Summarized data are presented in Tables A and A2
and in Flgures A, A2 and A3, with additional observations as

foll ows

'l

A 3.1 ETF Test bservations

A 1000 cfmflow of dry air at anbient pressure and tem-
perature was used to establish this-pressure drop at rated HEPA fl ow.
It was then increased tc 1800 cfm fOr prezsure-luss readings at
the rated separator flow arid held there for the bal ance of testizg
when entrained water was added to the flow

Entrainnent was initiated at a low rate (54 lbs/hr) of
large particle size (100 m cron MVD) using one bank of eight TXI.
nozzl es cperating at 40 psi. \Water becanme immediately visible
downstream of the separator. Droplets fornmed on-the lower one-
third of the outlet edges of the baffles. Sonme drained into the
bottom of the separator case until it overflowed the 5/16 in. higx
| ower outiet flance and dropped into the separated water collection
sump. O her drops were reentrained by the air flow directly from
the baffles and occasionally fromthe |ower flange overflow,

Drop out occurred primarily in -the 7-inch long Pleéxiglass section
beginning 6 inches fromthe downstream face of the separator.
Measurenments were nmade by wei ghing collected amcunts of water firom
each sunp over a period of time since insufficient head -was available
for operation of the flowreters. '

Entrai nment | oading was -increased. in steps by turning ea
addi tional banks of TX-1 nozzles until-all 108 nozzles were operazinc
at 40 psi for 100 micron MVD particle size. These gave an entrai=z-
ment renoval rate of 613 lbs/hr, corresponding to 5.7 1bs/1000 cu ft.
VAt er penetrating beyond the separator-removal sunp did not appear
to increase Wth increased |oading. Maximum |oading of 717 1ibs/hr,
6.6 1bs/1000 cu ft, was achieved by increasing the TX-1 nozzles
pressure to 80 psi which also increased particle size to approximate:
70 micron MVD. A series of photographs were taken to illustrate %zest
instal lation and performance observations. The stream temperature
was hel d constant by periodic use of cooling water in the heat

exchanger.



TABLE Al

ETF Teat -~ 12
October 28, 1970
Atroaphoric Prassure
Rii: 940 Stare, 100% 8 14:30

MONSANTO SEPARATOR PERFORVANCE DATA

Tire Tonparaturas 'l ] Prossures Sorav ¢ Flow Rates
Ticat Toray Presaura Drop_ | Tas Toparator -
WPk Soparator Lxchanger spray . later inchen LG t siza Strear nernoval Separator

Out In AL ZE out In ‘ater . naleo HEPA  Coparator u WD cr 1bs/hr Pcnotration

- - T T TUIY i 1000 -
0823 1.81 0.35 | {1800 9ry Peadings
QB3 i 40 1.835 U, 30 R UL 1800
0900 | 40 L.aa8 030, loo 1800 24,9
0030 91 | 40 1,825 0.38 1+ 100 1 1800! 55 Water visibLly ro-
1020 89.5! 40 1.87 0.38 - 160 1800 53 entraihed »6" down
1100 : 107.5 105.5 105.5% 104 109 111.5 106 | 40 1.87 - 0.38 100 . 1800 110.5 strean of the sera
1130 108 106 106 104 109.5 112 108 | 40 1.87 1 0,38 100 ¢ ;1809 113 rator but not in
1200 107 105.5 105.5 163} 109 112 109 40 1,88 0,38 100 1800 113 anoush vo lurg fo)
Lo 107 1913} 109 103 108, ti2 112 40 1.88 0.)a 100 - 1800 176 measurerdnt
13)0 | 108 103,58 10J3.5. 131 107.5 11,8 90 &0 1.87 3.39 100 1800 308
1358 ! 95.5 94 94 92 93 104 | 82 | 40 1,86 0,41 . 100 1800 6513
4430 ¢ 31 71 91 91 FL] 101 82 40 1.85 V,42 T0+10[1800 1317 T
1500 & 90,53 69 ¢ 39 39 92 9} . 78 ‘ 80 1,94 0,42 l 70+10] 1800 717 PERS I
L1330, 90 v9.3 3 1) 297 .97 97 : 1,97 J, 38 l 10 1800, h traticn r.a.
1627 97 95,8 9%.8% 97 927 99 4 : 1,97 9,28 10 1300 3,66 the HLPA

611 i
7.4 hrs Dxposure  Tima '
] Cefore Test { After Tast
. 5.3 HPDOP . 0.6 u DO : 0,3 u DOP C 0.6 p LOP
ona a ena ap Pane AR . “Pena 1Y g
A in, e E{‘?&V 1 in,4C EH’\"’ % in.\X S}?\w : A in, e E ;)‘w
1T . . "
SLPATATOR 100 0.09 1000 100 0.12 1125 &
- 0,32 1800
.48 2256 . '

LEDA-9 3,001 0.90 0.331 - 70.90° 1000 f




TABLE A2 - MONSANTO SEPARATOR
AVERAGE CONDI TIONS FOR ETF TEST-18

Descri ption Val ue
HEPA Qutlet Tenperature, F 100.85
HEPA Inlet Tenperature, F .99.05
Separator CQutlet Tenperature, F 99. 05
Separator |nlet Tenperature, F 9 8 . 1
Spray Water Tenperature, F._. _ M.75
Heat - Exchanger Qutlet Tenperature, F 101.65
Heat Exchanger |nlet Tenperature; F 104.9
Syster Pressure* psig Atmesgheric
HEPA Pressure Drop, inches W 1.88-
Separator Pressure Drop., inches WC - -0.38
Syst em Flowrate, CFM 1800
Separated Entrai nrrent; V |
100 p MVD, lbs/hr to 613
70 + LO p MVD, lbs/hr 717
10 p MVD, ibs/hr -3 66 \

Penetrat ed Entrainment ( Dropout ) : -

100 p MVD, lbs/hr- Accumx&léting
70 + 10 p MVD, lbs/hr 0.27 + m st
1o P MVD, lbs/hr 0.37 + mist
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A.3.2 Impactor Results

Impactor sampling -for efficiency neasurenents of the

i -10 micron particle size entrainnent fraction was perfcrmed during
this ETF run with results as reported in Table A3. These results
are very-simlar to those obtained when testing the impactor at
anbi ent conditions. The concentration of particles in both the
chal  enge stream and the penetration stream appear very |ow

-Visual observation indicated a dense fog at the inlet to the separa—
tor and a downstream fog of about 25% of the inlet. Impacto
measurenments indicated an inlet concentration slightly below t he
visible range and an outlet concentration of possibly a factor of

a hundred bel ow.

~Converting the-0.37 lbs/hr removed from the downstream
sunp to lbs/cu ft gives 3.43 x 10~ -6, Comparing this to,the
measured penetration in Table A3 showsthat t he measurement IS a
factor of about 100 | ess. Further conversion to 54.9 mg/cu M and
referring-to Figure 25 shows that this is in the visible range;
The efficiency of the Xonsanto Separator in the small particle -
range tested was 85.2% as. conpared to the 99+% consi dered acceptabl e..

A 3.3 Sunmary of HEPA Monitoring

HEPA pressure drop increased wwth |arge (100 micron MVD)

entrainment duty to 1.87 * 0.01 in. WC.-- a 3.3% increase from

the dry value at 1800 cfm. HEPA pressure drop did not wvary notice-
ably with the magnitude of 100 micron MVD entra'inment | oadi ng on.
the separator. HEPA pressure drop did increase measurably with the
introduction of fine (10 micron MVD) entrainnent into the inlet
stream reaching 1.97 in.WC -—— a 5.3% gain from the 1.87 in. EC
level with 100 m cron MVD separator duty and an 8.85% total gain
fromthe 1,81 in. WC dry value at 1800 cfm -HEPA water pick-up
duri ng this run was neasured as 15 ounces by weight difference:

This wao evaporated during final pressure drop- DOP measurements

following the- run.

A 3.4 Sunmary of Separator-Perfornmance

Separ at or pressure drop of 0.35 in.. WC at 1800 cfm
anbient air increased |less than 10% with either 10 or 180 mcron
MVD particles over a w de range of-|oadings from4 to 290 1bs/hr.-
It increased 20%, reaching 0.42 in. WC at naxi num | oadi ng of
721 1bs/hr. The 70-100 mcron MVD efficiency renmained high {(>99%)
t hroughout the test, indicating flooding capacity was not approached,
The 10 micron MVD efficiency was very poor (about 85%), based on
the sum of water removed through the normal drain and the rather
const ant reentrainment dropout portion collected, as described, in
the Pl exiglass section downstream of the nornmal drain.
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A. 4 CONCLUSI ONS

The Monsanto Baffl e-type Separator is not acceptable
for service in the |1-10 micron range. Where appreciable quantities
of fine (1-10 mi cron MVD) entrainment-nust be renoved, the removal
efficiency woul d be 85% or | ower,

Based on the anbient testing and the lack of'technical
data from the manufacturer -- including any restrictions -- it was
concluded that no elevated-temperature testing woul d be done on
this separator.
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B. FARR 'TYPE 68~44MZH SEPARATCOR

Farr proposed to furnish several types and sizes of
filters for MSA evaluation in this program-- filters which are
not normally recommended for |-10 micron service. Separators of
standard protected carbon-steel construction were purchased for

testing.

Description and test performance results are presented
in the-follow ng subsections.. :

B.| DESCRI PTI ON

-Appearance: See Figures 29 and 30 for photographs.

Type: 68~44M2ZH, specially arranged wire-cloth
. media.
3-42353- A Farr outline drawi ng,
B-42354-2 Farr manufacturing reference
in carbon steel. B
(B-42355-2 Farr -manufacturing reference
~in stainless steel)

Si ze: 23 1/2 in. Wx 23 1/2 in. Hx 3 15/16 in. D,
overal | case. _
5/8 in. wide flanges all around both faces.
2 handles for installing on one face.
3/8 g x 6 holes/side for drainage,
3.44 sq ft mninmum face area.

Haterialsi??{carbon steel, hot-dip galvani zed with zinc

chromate finish, nedia and frane (16 Ga).

Assenbl y: vfxechanically“interlocking o f production-
~ formed conponents.
Véi ght 31.5 1bs
Rat i ng: 860 m ni mum - 1785 nom nal - 2384 maximum
cfm --

Figure BL - efficiency and AP for dust.
None avail able for entrained |iquids,

B.2 ETF | NSTALLATI ON

The Farr Separator was installed in the ETP with general
arrangenent as indicated in Figure 1 . The upstream face was seal ed.
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(MSAR) FIG. Bl - FARR SEPARATOR - T.200-132
RATED PERFORMANCE CHARACTERISTICS :
4” panel filter’ type L)
100
z
LOADING 5
9
| 2 L 1]
AR Flow 319 FPM (1200 CFM PER 20" x 20~ PANEL) : 80 _% EFFICIENCY
TUSY FEED: 20 GMS PER HOUR (0.278 GMS./1000 CF) 2
TEST DUST: STANDARDQZED FINE AIR CLEANER TEST ZUST NO. 1543094, G 70 08 ¢
SPECIFIC SR&ATY 254, E" . / 2
PARTICLE SIZE RANGE MICRONS: os 510 1020 2040 4080 gl dld _ 06 %
% BY WEIGHT =3 % 18 % 18 9 , i | L v
CHEMICALANAL YS) S: METAL OXIDES AUSALJES IGNITION 0SS . \ | PRESSURE 1053 1os § .
% BY WEIGHT 2n 451 268 = Z
&®
- 0.2 a
"0
w
[ 4
b ] &
> 1200 1400 1600 1800 2000 2200 240 2600 7800
ACTUAL DUST LOAD ON liILYER. GRAMS
100 / o=
” . .
. PARTICLE SIZE
80 N
‘2- AIR FLOW: 510 FPW (1200 CFM PER 20" X 20’ PANEL)
w
g 70 OUST FEED: 20 G¥S. PER HOUR TO 20' X 20" PANEL (278 GMS/I000 CF)
-
a- _ TEST DUST: STANDARDIZED FINE AIR CLEANER TEST DXST # 1543084
; CLASSIFIED INTO THE FOLLOWING MICRON PARTICLE $7E
SSO RANGES: 0.5. 5-10, 10-20, 2040 AND 40-93,
5
S' EFFICEMCY IS READ AT MEAN PARTICLE SIZE Of EACH PARTICLE SiZE RANGE.
L] ~
40
e <10 20 I 40 .80 oy -80
PARTICLE SIZE. MICRO®S - .
100
N ; ‘ ‘
s EFFICIENCY -
<« |
VELOCITY w |
: : 80— = st
5 -
NET FACE YELOCITY IS COMPUTED OVER THE MEDW AREA INSIDE  &-
THE FLANGES OF THE FRAME. 3 4
EFFICIENCIES SHOWA ARE TOR A CLEAM CILED FILTER. 5
. DUST FEED RATE: 20 GMS PER HOUR TO A 207X 207 PANEL. s ;
TEST DUST: STARDARGIZED FIE A'R CLEANER TEST DUST . ;
ZIKIWE. SACHIC CRAVITY 254, , : // =
PRESSURE LOSS A 04 g
L] S
j/ ) w
7 92 =
n
i
N Wl
2 &
o 200 400 600 j &)

NET FACE VELOCITY, FPM ’ -

%
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were Sealed with RTV seal ant. The six | ower holes were positioned

for drainage into-the separated water sunp which al so drained an

“additional 4 inches of the downstream duct. The 7 in. long Plexi-

gl ass duct section was fitted with a drain provision before installa-

tion 4 in. downstream of the separator outlet face. The nonitoring
HEPA inlet face was again located at the end of the final penetrated

wat er sunp, -an additional 12 in. downstream and a total of 23 in.
from this separator outlet face;-

B.3 TEST RESULTS

The Farr Separator, as described and installed, was
operated at ambient conditions in accord wth the gereral test plan --
of Section 4. Summarized data are presented in Tables Bl and B2
and in Figures B2, B3 and B4, with additional observations as
fol | ows:

B-3.1 ETF Test.Observations

Crculating air flow at amcient pressure and tenperature
was started at 1000 cfmto obtain a dsta profile at rated HEPA
flow. It was then increased to 1800. cfm for -the rated separator
flow profile and held at that flow for the balance of testing wth
entrai nment conditions. Cooling water flow for the heat exchanger
was adjusted to keep the circulating gas stream tenperature from
escal ati ng.

Entrainment was initiated at a low rate (51 lbs/hr) of
| arge particle size 9 100 micron MVD) using one bank of eight TX-1
nozzl es operating at 40 psi. Entrainment was conpletely removed
within the separator case with _no neasurable or visible sign of
penetration beyond the outlet’tace of the separator. Entrainment
| oadi ng was increased in steps .to the-nmaxi mum value of 566 1lbs/hr
obtainable with all TX-| aczzles . on at 40 psi; no penetration was
observed. Spray pressure was thém increased to 80 psi on the
TX-1 nozzles, decreasing the particle slze 70 m cron MVD and
further increasing loading tc >708 lbs/hr ‘without sign of penetra-
tion. o

Fine particle conponent of entrainnment was then increased
by adding the output of al.1 1A nozzles. Maxi mum combined (10 m cron-
+ 70 micron) |oading reached 738 lbs/hr.  Penetration becane imme-
diately visible when the 10 mcron fraction was added. Wsps of
fog penetrated the separator and entered the downstream HEPA filter.
Partial agglomeration of some particles was visible at the separator
outlet which resulted in a low rate of reentraiunent. Most of
these particles dropped into the 4 in. long exposed section of the

separator drain sunp and into the following 7 in. long Plexiglass

section.



TABLE Bl

Rl

ETF Test ~'19
November <, 1970
Atrospheric Pressure

964 start, 100V @ 16:40

FARR SEPARATOR PERFORVANCE °‘ DATA

*lre Tompecature VL irnnnur_ oray Mow faten
. ‘ Heat Spray ‘e Drep | Gas Sapn. Re~-entrainment
HEP S Separator Lxchanger Spray| vater size Stream Removal Dropout
out T In out In out  In water| _paig \ A VD | CFM lbs/hr ibs/hr
' ByL ¢ : br Ruadings
0923 v 1,77 g.30 1800 Y hd
.M 34 0 L) vl P DY TT 1) .77 . 100 1800
1003 92 . 88,5 88.5 89 95 3 80 40 1.7  0:l0 100 1800 51
1032 97.% 95.% 95.5 96,5 102.5 100.5 8S 40 1,78 0.30 100 i 1800 112 y
) [ : . B3 S n.10 00 8 o
31153 104.7% 103 103 104  109.5 107.5 183.51 40 1.825 0.2 1 }agg 1 WORRY
1130 J1ios 106.5  106.5 106.5 113  111.5 169.5| 40 1.88 0.32 100 1800 32 renetration
1200 Jloz 100 100 100 103 108 89 40 1,90 < 0.34 100. 1800 567
1250 90.8 37 87 88.5 91.5 97 73 20 1.85 0,35 10 1800 697 —— -
1I00 T 1T.5 L& L 51,5 0T T 4] Ty " 7. 15 TORIT TNy Trmeciate visibTa™
1350 CY) 85 85 86 88.5 81 74 80 1.89 ..0.235 70+10{ 1800 . 723 penatration of rist
1438 86.5 34 ‘34 87.5 87 74 80 1.925 0,38 704101 1800 718 reach { ng HEPA
3:1:] JNNN -7 SURR > . S H“ TUVIE AT 107X Y 10 0D
1830 |i00.9 29 99 106.% 102.5 100.5 1.98 £ 0,30 10 1800 3.4
1600 |10§¢ 104 104 106.5 106.5 105 1.99 10,30 10 1800 2.9
1§13 [0 108.5 108.%  i0%.% I11.5 l09 2.02 0.3 10 1800 3 0.29 o orxee
7.3 hr| Exposure Time ,1>2
—Fefore Test - Aftoer Tost
0.3 2 DOP 3.6 p DOP 0.3 5 o0p 0.6 p DOP
Fena AT Flow Tane ap rliow Tene AP riow Pene ar ¥ 1o
TTEM 3 in,iC Crit \ in.We Lol 1 inaxe  cri \ {n,uc cr
Separator | 100 0.09 1000 99 0.12 1116
99 0.27 1785
100 2,40 2231
HEPA-46 9.001 0.90 1000 0.001  0.88 1000 '




TABLE B2 - FARR SEPARATOR
AVERAGE CONDITIONS FOR ETF TEST-19

| tem Descri ption Val ue
1 HEPA Qutlet Tenperature, F 96. 43
2 HEPA |nlet Temperaturc, F 94. 36
3 Separatcer Qutlet Tenperature, F 94. 36
4 Separator Inlet Tenperature, F 95. 29
5 Spray Water Tenperature, F 84.91
6 Heat Exchanger CQutlet Tenperature, F 98.58
7 Heat Exchanger Inlet Tenperature, F 98.22
8 Systen. Pressure, psig At nospheri c
9 HEPA Pressure Drop, <inches ¥WC 1.81
l 0- Separator Pressure Drop, inches WC 0.314
I System Fl owr ate, CFM 1800
12 Separ at ed Entrai nnent :
100 u MVD,lbs/hr to 566
70 + 10 u MVD, lbs/hr to 738
10 u MVD, lbs/hr 2.9
13 Penetrated Entrainment (Dropout): .
100 u MVD, lbs/he 0
70 + 10 u MVD, lbs/kr . 0.29 + fog
10 u MVD, lbs/tr ° 0.29 + fog
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Fine particle performance was further studied by turning
off the 100 micron MVD nozzles, l|leaving on only the 10 micron MVD
nozzl es for the bal ance of the test. Penetration continued with
wisps Of fog to the HEPA and finally enough dropout (0.29 lbs/hr)
of agglonmerated particles for measurenment in the Plexiglass
section. A simlar amount of reentrai nment dropped out into the
4 in. exposed section of the separator drain sunp which was
measured as conbi ned separator entrainment renoval water. only-a
trace of reentrainnment dropped into the final 12 in. |ong penetra-
tion sunp area preceding the HEPA. ETF entrai nnent removal and
penetration dropout neasurenents were obtai ned by wei ghing timed
amounts of collected water. A series of photographs were taken to
illustrate test installation and visible perfornance.

B. 3.2 Impactor Results

Impactor sampling for efficiency neasurenments of the
|-10 micron particle size entrainment fraction was perforned during
this ETP run with results as reported in Table B3. The concentra-
tion of particles in both the challenge stream and the penetration
stream appear very low. Visual observation indicated a dense fog
at the inlet to the separator and a downstream fog Of, about ie% ~f
the inlet. Impactor neasurenents indicated that both the challenge
stream and the outlet stream were bel ow the visible range.

Converting the 0.29 1lbs/hr renoved fromthe downstream
sunp to lbs/cu ft gives' 2.685 x 10-6, Comparing this to Table B3
shows that the neasured penetration is a factor of about 100, 000
less. Further conversion to 43.0 mg/cu ft and referring to Figure
25 shows that this is at the lower end of the visible range. the
efficiency of the Parr Separator in the small particle range tested
was 90% as conpared to the 99+% coasidered acceptabl e.

B.3.3 Summary of HEPA Mbnitoring

HEPA pressure drop increased at a fairly regular zute
varying somewhat with entrainnent particle size and loadiag
(Figure B2). Conpared to a dry differential pressure of 1,77 im.
we at 1800 cfm, the final wet differential pressure of 2.02 in, w
represents a 14%increase in differential pressure over this period
of entrainment testi n%. ‘Water picked up by the HEPA during this
run Was neasured at 10 oz by weight difference. This amount was
evaporated fromthe HEPA during final differential pressure-DOP
measurenents following the run. Separator penetrati on under these
test conditions did not neasurably affect HEPA filter integrity,

B.3.4 Summary of Separator Performance

The -unusually | ow separator pressure drop of 0.26 in. WC
at_ 1809 cfm dry increased only 35%to 0.35 in. WC at maximum | oadi ng
(738 1bs/hrxr, 6.8 1bs/1000 cu ft) reached in MsB tests. Capacity
(flooding) was not reached. #ntrainment separation efficiency




TABLE B3 =~ FIBE PARTICLE EFFICIENCY YATA FOR FARR SEPARATOR

ETF Test 19

1785 CFM
2.9 lb/hr Entrainment Renpval Rate
0 psig

100 F

100% 'Relative Humidity

Measur ed Measur ed Appar ent Appar ent Actual
Chal | enge Stream enetration Penetration Ef fi ci ency Efficiency
1b/cu ft lb/cu ft L $ 3

1.4 x 1072 6.6 x 10712 0.5 99.5
11.0 x 10'9 4.6 x 10712 0.04 99.6
5.3 x 1079 6.6 x 10712 0.1 99.9
12.4 x 1079 6.6 x 10~12 0. 05 99,9
14.5 x 1079 2,0 x 10712 0.01
99.9 90.0
44.6 x 107 26.4 x 10-12

ai-¢
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remaineé essentially at 100% with LOO 70 mcron MVD size entrain-

ment to 700 lbs/hr loading tested, based on no visible mst of
reentrai nnent penetration. Visible nmist penetration acconpanied
by neasurabl e dropout portions decreased renoval efficiency to

90% based on 2.9 1bs/hr of 10 micron MVD | oadi ng.

B.4 CORCLUSIONS

Renmoval efficiency with 10 micron MD entrai nment size
is 'approximately 90% based on the reentrai nment dropout portion.
The | ow impactor results may have been due to non-representative
sanpling, since visible fog, penetrating the separator, seened to
‘pass through in irregular wisps or bursts, rather than a continu-
ously uniform penetration as observed for the standard baffle
separ at or. The Farr Separator has the | owest pressure drop tested
((0.4 in. Wo) at high velocity (X20 f£pm) and high entrai nnent
| oading (= 6.8 1bs/1000 cu ft of >10 mcron size).



C. YORK TYPE 321 SR SEPARATOR

Design and application of the York Type 321 SE Separator
was based on specifications and performance data fornulated far
the Savannah River Reactor Containnent Facilities?. The separators
purchased for these tests were all ordered to these specifications.
In addition to mnor assenbly variations, neither of the two com
pl ete separators nor any of the three replacenment media bundl es
met the Savannah River required pressure drop limits (0.35 * 3.05
in. WwC) at 1600 cfm  They ranged from 1.19 to 1.30 in. W, approxi-
mately 20-30% above specification.

Separator description and test performance are preseated
in the follow ng subsections.

C.1 DESCRI PTI ON

Appear ance: see Figures 31 and 32 for photographs.

“rype: 321 SR, Ottw H York Conpany ‘designation .
DP812 - Apgendix B, Savannah River speci-
fication“

Knitted fine fiber nedia packing,
supported by grids on both sides,
enclosed in a frame with flanges for
gasket sealing in horizontal flew and
| oner entrainment dradain provision.

Si ze: 24 in. Hx 24 in. Wx 2 5/8 in. D, overal

case

3/4in. wflanges, all around both faces.

3.5 sq ft face area, inlet and outlet.

3/8 § ~ 2 drain holes in |lower side at
outlet flange; 1/4 in. nipples were cut
off to fit MSA duct.

. Materials: Teflon fibers, 0.0008 in. in dianeter,
1200 D - 180 F - oOT.
Type 304 ss wire, 0.006 in. dianmeter,
knitted with above.
Type 304 grids (1/4 in.), case (16 &),
tie wire (16 Ga)

Assembly: Al'l wel ded case, grids and support rods.
12 layers knitted nedia, oversized for
conpression fit into case and | aced
with support wires and rods.

\éi ght : 20 |bs
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Rati ng: 1600 cfmand in accord with DP8127,
adequate for HEPA protection, ~~99%
efficiency on 1-5 micron size in

air-steamwater test. See Fiqure d
for calcul ated efficiencies of typical
fiber beds.

C. 2 ETF INSTALLATION

The York Separator was installed in the ETF with general
arrangement as indicated in Figure 1. The upstream face was seal ed
using a gasket. 'The drain holes at the outlet flange were directly
over the separated water sunp. The 5 in. long duct area immediately
downstream of the separator was fitted for the first collection and
measurement of penetration reentrainment. The next 7 in. long
Pl exi gl ass section served as the second penetration collection
area. The final 12 in. duct length, up to the inlet face of the
HEPA, was the third area for penetration collection. The total
di stance-fromthe separator outlet face to the HERA inlet face was

thus 24 inches,

2.3 TEST RESULTS

The York Type 321 SR Separator as described and installed
~was operated at anbient conditions in accord wth the general test
plan of Section 4. Sunmarized data are presented in Tables d and
22 and in figures C2, C3 and C4, with-additional observations as
fol | ows:

C.3.1 ETF Test OCbservations

Circuelating air flow at anbient pressure and tenperature
vas started at 1000 cfmto obtain a data profile at rated HEPA f|qw -
[t was then increased to 1600 cfm for the rated separator flow e
>rofile and held at rated separator flow for the bal ance of testing :
mder entrainment' conditions. Cooling water flow to the heat
s3xchanger was adjusted as required to keep the circulating gas
itream temperature from escal ating.

Entrainment wWas initiated at a low rate (47 lbs/hr) of
.arge (100 m cron MVD) particle size using one bank of eight TX-1

wozzles operating at 40 psi. About eleven minutes follow ng
.ntroductiorn Of this entrainnment |oading, water started com ng
chrough the downstream side of the separator, The Tefl on separator

redia was bared out (1/2 to 1 in.) between the outlet grid openings :
‘a tendency for this delicate media). Water first dropped off the
iedia where it was protruding and fell into the first penetration

'ollection sunp below. \Water droplets also began bl owi ng straight
wat fromthe nedia at about 1/2 inch above the |lower flange at the

-eparator outlet face. Some of these dropswere carried into the iF
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FIG. C - CALCULATED REMOVAL EFFI Cl ENCI ES OF SEPARATORS
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Fig. 24, 3age 63



TABLE C

ETF Test-20

YORK SEPARATOR ' PERFORVANCE DATA

Novenber 5, 197¢
Atmospheric Pressure .
RH: 100%
Frre Temperatire °F Pressures Soray ) Flow Rates
Heat Spray Pressure Drop . Gas Separator
HEPA Separator Excharnger Spray  Water inches WG size Stream Removal Separator N

out™ In gut ' In [ R n Waterx psig HEPK §g§Aranr B _MVE  ICFM lbs/hr Penetration :

0910 — v 5 1.57 1429 1600 Pry Beadings
. B SRR A 40 1.55 1.9 100 600 )

1003 94 92 92 93 99.5 . 7 99,5 96.5 40 1.62 1.64 l00. 1600 33.4 13,3+0+0
1048 97 35 95 96.5 102 104.5 101.5 40 l.68 2,03 100. 1600 17.6 91.5 "
1130 97.5 95 95 97 101 105 97 40 1.70 2,09 100 1600 +2.440.3
pek) .5 13,5 93.5 0% 95,5 95,5 97 40 1.73 2.18 100+10 [ 1600
1330 97.5 5.5 95.5 97.5 97 97.5 97 40 1.76 .22 100+10 | 1600
1410 97 95 . 95 97 97 97 97 40 1.77 2,22 100+10 | 1600 18 96,8
1500 97 95 9s 97 96,5 97 97 40 1.276 2,22 100+10 i 1600 +3.4+
1530 96 94.5 94.5 96 96 96,5 1.78 1.83 10 1600
1600 95.5 93 93 95 9s 98 1.783 1.60 10 1600 0.81 1.44+ '
1655 94.5 92.5 92.5 94 94.5 94.5 1.79 1.60 10 1600
1705 ' No visible fog at
7.3 hrs, Entrainment Time any time

s Belote Test ] After Test

9,3 u DOp 0.6 1 DOP 0.3 u DOP 1 0.6 u_DOP
Pene aP Flow Pena ap Flow™ T Ppene 4P Flow | Ppene AP Flow
ITEM in.We CFM 1 in.we CEM ] in.WcC CcPM e in.wc ceM |
72

ATOR 93 0.57 1000 ©1.24. 93 0.57 1000 90 1000

SEPARATO 69 1.24 1g00 79 1000
60 1.85 2000 74 1000
1001 0.89 1000

HEPA-S 9.001 0.90 1000

LAV Lo KSR Rt AR YL s N D LA e e AT Ly g

, i s
&
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TABLE C2 - YORK SIPARATCR
AVERAGE CONDITIONS FOX ETF TzsT 20

Iten Descri ption Value
1 5Ipa Qutlet Tenperature, F 93.86
2 HEPA Inlet Tenperature, F 93.86
3 Separator Qutlet Tenperature,- F 93.86
4 Separator |nlet Tenperature;, F 95.54
- 5 Spray Water Tenperature; F - © 97,59
6 ‘Beat Exchanger Cutl et Temperature, F ' 9A7‘2-'7 '
'7 "Heat Exchanger Inlet Temperature, T 97,72
8 Syster Pressure, psig Atmosmieric
9 HEPA Pressure Drop, in&es WC 1.71
10 Separator Pressure Drop, jnches WC 1.35
11 System Fl owrat e, CFM 1600
12 Separated Entrai nment:
..... 100 m MVD, lbs/hr o 33.2
100 + 10 B MD, 1bs/hr 18
10 p MVD, lbs/hr 0.5
13 Penet r at ed Entrainment (Dropoztt) :
100 + 50 ﬁ%g Ibe/ns t 100, 5

10 p mvD, lbs/hr 1,242




FIG. C2 - YORK SEPARATOR
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8-10 in. up the walls at.this point. At this tinme, the entrai--
‘ment renoval rate from the separator case was 33.4 lbs/hr, . A
acconpani ed by a 13.3 1lbs/hr penetration rate fromthe first suv-—

W th no measuradle rates yet fromthe second and third sumss.

Large (100 mcron MVD) entrainnent rate was then
increased to ~112 lbs/hr by turning on a second bank of Tx-1
nozzl es at 40 psi, Separator' penetration rate increased and re-

" -entrained droplets were coming off the back of the-separator mec -
fromthe lower 16 in. portion of the outlet face. Only the tog
7 in. section was free of reentrainnment. Reentrained droplets w
- carried up to 18 inches downstream of the .separator, only.6 inch:
from the face of the HEPA. During this period, entrainnment remoc-
rate from the separator case drain sunp was 17.6 lbs/hr; peaxetra-
~tion rate fromthe first collection sump was 91.5 1lbs/Ar; from =i
second, 2.4 1lbs/hr; and from the third, 0.3 lbs/hr. There seemec
to be no point in increasing ent r ai nnent loading to a higher lev:

The fine (1-10 mcron) particle rate'was then increasec’
by adding the output of all thirty-two 1A nozzles together with
the sixteen TX-1 nozzles on-stieam. Total m xed entrainment lca

reached ~+120 lbs/hr, 1.25 1lbs/1000 cu ft -- well below the Yorx
rating. Renmoval distribution was 18 lbs/hr from the separator

- case;--96.8 lbs/hr fromthe first penetration sunp, 3.4 lbs/ar frc
t he second penetration sunp, and an unneasured smaller rate frcm
the third penetration sunp. No fine fog penetration was visible.

To further check fine. (1-10 mcron) entrainnment perforrn:
ance, all TX-1 nozzles were turned off, |eaving only the (18 micr
MVD) 1A nozzles operating. Entrainnent |oadi ng-was reduced to.

2.25 1bs/hxr with no fine fog penetration visible but with similzar
reentrainment of l|arge particles occurring on a reduced scale.
Renoval distribution was 0.81 1lbs/hr from the separator case and
1.44 1bs/hr fromthe first penetration sump; negligible amomts-
reached the other two separator sumps Impactor sanples t&en
during 10 mcron MWD entrai nnent opezation did not detect any 2.3
10 micron particle size penetration. A series of pictures were

taken to indicate separator installation and -operation

.C.3.2 Summary oxX HEPA Mbnitoring

o HEPA  pressure drop increased at a gradual rate during
the-test, irrespective of entrainnent |oading or particle size, =z
shown in Figure C2. The dry pressure drop of 1.57 in. WC at
1600 cfmincreased 14% to 1.79 in: WC at the end of the run, wat
pi ck-up by the HEPA was neasured as 14 oz by weight differerce.
This was evaporated during final differential pressure-DOP neastcr
ments following the run. There was no noticeabl e change in HEPA
differential pressure increase when fine (10 mcron MVD) entrair:=
| oadi ng was studi ed. Direct inpingenent on the HEPA of larcer r=-
entrai nnent | eaving the separator was avoided by holding loaiinc
and velocity at |evels bel ow those which would reach the HEP%

Tamadad T2 Smabham Sacee o d cnn come I T SR ST S
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C. 3.3 Summary of Separator Performance

Separator differential pressure of 1.29 in. WC was 2¢%
above Savannah River specifications4, to which this separator wz-
or der ed. This differential pressure increased 72% to 2.22 :in. W<
under maxi mum tested entrainment |oading of 1.25 1bs/1000 cz ft.

--Separator differential pressure varies somewhat W th loading,
ranging froma 24% increase with wetting at 0.024 1bs/1000 cu £=
to a.72% increase at 1.25 1lbs/1000 cu ft maximum | 0adi ng testec.

Separator efficiency,.based on draining all removed
entrai nnent through the separator case-drain holes provided, was

. ..very .low. Renoval efficiency ranged-from a high of 35% at the -
lowest |oading with fine (10 micron MVD) particles to 15.7% at
‘maximum |oading tested. Penetration rate is shown in Pigure C3
and item zed in- Table d. '

Separ at or - ef fi ci ency-based on agglémerizétion of =sne

particles was ~/100% since no visible mist oir fOg was obsersed i:
the separator effluent and none-was neasured by impactor samplinc

C. 4 CONCLUSIONS

The York Separator assenbly, as supplied and testg&,
did not mrevent water entering the downstream air space. srain-
nment renoval efficiency with any size particles was neasuré at—"

< 40%.
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D. AAF TYPE T SEPARATOR

An AAF Type T Separator, as furnished for t:e Conrscti-
Yankee. 8 Reactor Containnment System was purchased in z gspecizl
24 in. x 24 in. size to fit the ETF for performance evaluatizn z-
this program

The-separator was received with a2 1/2 in. threaded
drai n-nozzl e protrudi ng beyond the 24 in. maxi mum allcwable wid+~

-this was cut off for MSA installation in the ETF. During amier=

tests, the only performance objection was | eakage of xremoved
entrai nment fromthe two corner welds on the |ower outlet pcrticr

-~ -0of-the separator. |It-was -assuned that this |eak resuited fraom =r -
oversight on the part of normal quality control not essrcissi fcr
.this special size nodul e. These defective weld areas were iiere—

fore sealed with RTV-108, in order to continue test oreratic at

.incident conditi ons. Separator cascription and test performsnce

are presented in the follow ng subsecti ons.

D.1 DESCRIPTION

Appear ance: See Figures 33 and 34 for photographs,

Type: "T", AAF Extractor Designation
491-118, Serial or AAF cdontrol aumber.
Figure 1 and 2 - MSA PO D17072 orderixg
i nformation.
AAF Sketch ---Prod. Engr., 6-17-70, A. O'Nz-
confirm ng vane and hook inlet, nor-
woven fiber pad outlet.

Si ze: 24 in. Wx 24 in. Hx 24 in. D, overall,

excluding drain nozzle.

22 1/4 in.-Wx 22 1/8 in. H x 24 in. |
overal | case w thout mating flanges. .

22 in. Wx 17 7/8 in. H, face ogening,
inlet and outlet.

21/4in. IDside drain hole, nszzie
ground off flush.

1.965 -sg ft mninmum face area.

Materials: Stai nl ess steel: case (16 Ga), baffl=s
(26 Ga), niating flanges (11 za),
grids (3/16 dia)
Fi bergl ass - bonded nedi a pads; type sot
specified but probablg AAF Ty M 105 in
accord with NYC 32506¢.

Assenbl y: Al wel ded, except for mechaniczl arrzmge-

mont AF moAT s vt Ae FAr varT caavmmemdt o O
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Weight: 111 1lbs

Rati ng: 1140 cfn and in accord with x¥o-32:53-58
report, which tested briefly for HEPz
protection ta: 261 ¥ - 40 psig,

1000 cfm size separator, 1 gpm eatrai=-—
ment |oading, of particle size =zs
generated by G 10 nozzles operated at
20 psi differential pressure giving

~~ 800 mcron MND, 2400 mcron ¥vD.

.2 ETT | NSTALLATI ON

The' AAF Separator was installed in the ETF with generzl
arrangezent as shown in Figure 1. Because of its increased depth,
mounting flanges for positioning the separator drain nozzle over
the ETF sunp were requested. These flanges were gasket-sealed
so that-the renoved entrainment draining fromthe separator case
drain hole would be withdrawn for measurenent throush the separztor
case drain sunp (14). The separator inlet section extended 11 in.
into the large (TX-1) -spray chanber necessitating renoval of
several banks of TX-1 nozzles and obscuring the view fromthe
sight glass (sG-2). For anmbient test, with the 7 in. long Plexi-
glass sight section installed, the separator outlet sectiom
extended 5 in. into this section. This left 14 in. of-duck to the
inlet face--of-the downstream HEPA; 2 in. of Plexiglass piped for
penetration neasurenment, plus 12 in. of the final penetration
collection sunp. For incident testing at elevated temperature =mnd
pressure, the Plexiglass sight section. was omtted fromthe ETF.
This positioned the separator outlet over the final penetntion
collection sump, |eaving a distance of 7 in. to the EEPA inlet.

0.3 TEST RESUGLTS AT AMBIENT CONDITIONS

_ The AAF Type "T" Separator, as described and installed,
was operated-at anbient conditions in accord with the general test
plan of Section 4. Summarized data are-presented in Tables D1 =d
D2 and in Figures D1, D2 and D3, with additional observaticns as

fol | ows,

D.3.1 ETF aAumbient Test Cbservatfbns

Air circulation was started at 1000 cfmto get a differ-
ential pressure profile at HEPA rating. It was then increzsed tz --
tze separator rating of 1140 cfm for this differential pressure
profile, and held at rated separator flow for the bal ance of teszing
under entrai nment conditions. Cooling water to the heat exchanger
was adjusted as required to keep the circulating air streax
temperature from escalating. A series of photographs was taken =o

illustrate separator installation and operation. -Impactor samplss
S



’. TABLE D1 - AAF SEPARATOR PERFORMANCE DATA

ETF Test - 21
November 12-13, 1970
Atmospheric Pressure
RH:; 85% gtart, i00% @ end

Time Temperature °F ] Pressures Spray Flow Rates
tleat | Spray Pressure Drop FY Separator
HEPA Soparator Exchanger Spray | Water Inches WG . Size Stream Re?oval Separator
out T In  Out Th Out  In Water psiqg. HEPR . Separator B MVD CFM bs/hr Penetration
- - - - N ) G.7 ;| 1000
0915 . 1.08 0.8 - . L140 . Dry Readings
0945 aL.5 7383 84.5 82,5 LS 40 1.08 0.85% . 100 1140 : . -
1030 93 91 91 . 90 94,5 . 95.5 94 40 . " 1.09 |, Q.93 100 4 1140 . 59
1053 96 93.5 93.5 95.5 98 98 .94 40 1.10 0.96 i 100 1140 115
11247 94.5 93 93 91 94,5 98.5 94 40 1.115  0.9¢ 100 1 1140 . 31
1150 85.5 85.5 85.5° 83.5 86 86 78 40 1.11 0,97 100 4. 1140 428 4.5 from defective
1240 83,5 82,5 81.% 81.h 843 83.5 T4 380 1135 1.013 : 70+10°1 1130 343 weld only
1340 82,5 82 82 81.5 82.5 82,5 74 80 1.14 1.10° 70410 | 1140 444
1400 82,5 82 82 - 82.5 84 83 74 80 1,155 1.11 : 70+10 ] 1140
1500 86 84,5845 36 87.5 1 86 . ‘ 1,198 1.14 10 1140 ]
1530 87.5 86.5 86.5 87 88.5 91 S l.22 0 1.16 10 1149 6.4
1557 87.5 87 87 87 88.5 ' 88 ) 1.23 l.16 - ~lo 1140 5
1635 8.5 88 88 88 88.5 88.5 . 1,23 l.l6 . 10 1140 4.5
1647 | 7 hours Entrainment Time ~ lat day Nov. 12, “1970 : i ' No other
; ; . } . : ; : visible or
0815 ’ ‘ 1,21 1.12 1140 R measured
0830 | 81.5 81 81 78.5 82.5 81.5 73.5 80 1.21 1.12 70 {1140 , paratration
0850_ 1 85 82.5 82.5 64.5 86 84.5 73 80 1.21 1.16° 10 1140
1635 95 94,5-34.5 94.5 55 94,5 1,28 "T.70 10 1144 4075
1130 |91 90.5'90.5 90.5 92 - 91.5 1.195 : lo 1140 - '
1300 | 91.5 90.5 90.5 91 92.5 91.5 1.28 1,185 . 10 11140
1357 | 91.5 90.5 9%0.5 91 92 91.5 l.28 1,1 I 10 11140 i}
1514 9.3 '3“03.3" ‘90 at 92.48 51 0 ) 1.3} - 1,16 ' 10 1140 2,25
ig%g 80hourstrainment Tima0.39%.2nd day, oy, 131970 1.1 1.16 . 10 ;1140
IS hrs Total Entcainment Tima
Bafors Nask . - _ After Test
0.3 p Dop - 0.6 p pop +.0.3 p popP - ' 0.6 n DOP
Pene AP Flow - Pene . Ap Flow : Pene AP ' Flow . Pene Ap Flow
ITEM % in.WC CFM. - % in.wWC CFM % in.wC CFM 3 in.WC - CFM
EEPARATOR 95 0.60 = 1000 - "oy 0,36 712 - © 71000 96 0.36 712
; ' 93 0.78 1140 : - .95 0.85 1140
. 90 1.28° 1425 o ‘ 90 1.26 1425
HERPA=L2 . u,008 0.90 1000 : 0.C06 0.88 - 1000 -




D-4

TABLE D2 - aAFP SEPARATOR
AVERAGE CONDI TI ONS FOR- ETF TEST-21

Item Descri ption Val ue
1 HEPA Qutlet Tenperature, F 88. 3
2 HEPA Inlet Tenperature, F 87.3
-3 Separator Outlet Tenperature, T 87.3
4 Separator |Inlet Temperature,.F 87.6
5 Spray Water Tenperature; F 81.7
6' =~ Heat Exchanger Outlet Tenperature, F 89.3
7 Heat Exchanger Inlet Tenperature, F 89’
- 8" System Pressure, psig At mospheric
9 - HEPA Pressure Drop, inches WC ©1.09 min - 1.20 - 1,23
10 Separ at or Preééure Drop, inches WC 0.93 min -~ 1.09 - 1.16 =
11 System Fl owr ate, CFM 1140
12. Separ ated Entrai nment:
T i ALY
10 p MVD, ‘1lbs/hr 6.4 -to 2.3
13 Penetrated Entrai nment (Dropout):
Excl udi ng Case Leakage)
100 p 1VD, lbs/hr ¢
70 + 10 ‘» MVD, lbs/hr 0
0

10 y MVD, lbs/hr
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Entrainment was initiated at a |ow rate (59 iIbs/hr) of
large (100 micron MVD) particle size, using one bank of TX-I
nozzl es operating at 40 psi. No penetration of fog or reentr=in-
ment was visible. Large particle entrainnent loading was thes
increased in steps until all ($6) TX-1 nozzles were in operation
at 428 1lbs/hr entrainment renoval with no visible penetration,

The fine (1-10 micron) particle rate was then incressec .
by raising. TX-1 nozzle pressure to 80 psi (~70 micron ¥VD) axd
adding the 10 mcron MVD output of all (39) 1-A nozzles for a
conbi ned maxi mum | oadi ng of 444 lbs/hr entrainment remcval rase.
At this point, drops were observed forming at both-lower outist
corners of the separator, apparently fromdefective welding oI
these areas. This |eakage dropped into- the Plexiglass sectiox
directly below the separatoroutlet and was -neasured. at a rats of
4.5 1bs/hr, approxi mately 1% of | oadi ng. This fabrication defect
was not considered to be a penetration characteristic of this
separator and was seal ed, using RTV-108, for incident tesst

operation.

To further check fine (1-10 micren) entrainment per-
formance, all TX-I nozzles were turned off, |eaving only the 20
m cron MvD (1-2a) nozzles in operation. Test operation =zt this
_fine particle size |oading was continued for a second day to -
verify lack of penetration in this range during extended operztiorx
and to permt adequate impactor sanpling. No fine (1-10 micrm)
particle penetration was detected. Somne degeneration of the Ftber
mat was becoming evident. Wthin the first-hour of operation
sonme individual fibers were observed extending straight but, =s
much as 6-8 inches, fromthe downstream face of the separator,
The nunber of fibers so extending fromthe separator seemed to
increase with operating time over this test run.

D. 3.2 EEPA Mowitoring Summary cof Anbient Test

HEPA-]2 pressure drop increased at a gradual rate dwinc
this test, irrespective of entrainment |oading or particle siz=
as shown by Figure Di. The dry pressure drop of 1.08 in, wWC:
increased 21.33 to 1.31 in. at the end of the run. Water pick-m
by the EEPA at the end ¢f the run was neasured as 0.94 lbs by
wei ght difference. This was evaporated during final differential
pressure-DCOP neasurenments made following the run. No 'significant
change was observed in the slope of pressure drop increase with
respect to entrainment |oading or particle size..

D. 3.3 Sepafafof Per f or mance Sunéaiy of Anbient Test

Pressure drop of the AAF Type T Separator, at 31140 cim
rated flowwith air only, was 0.8 in. WC Thi s increased somewhat
with respect to -entrainnent loading =—— 21% to 0.97 in. at 434
lbs/hr. A further increase occurred with operating tinme and 18
m cron MVD added loading. A high of 1.2 in. WC (50% increase)

4
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accurred after reachirg the pezk mtraiment fsst loading of
450 1lbs/hr, 6.6 lbs/10Q0 cu ft. Zemova® capacity, rated or
flooding, Was not attzined. The fiffermtial pressure decreed.
0 1.16 in. WC (45% aove doy walie) 2t low (<3 lbs/hr} loacing
2f 10 mcron MDD size entrazmment. No =mpazatsr entrainment
renetration was detect=d at these test mnditimns.

3.4 CONCLUSIONS -~ AMIIENT TEST

The AAF Type T Sezarztor's remval eficiency was
sssentially 100% down to 2 xcron sarticde siz=z, based on no
Zetectable penetration, Pemissiile ent-aimmert boadizg' capscity
is 6.6 1bs/1000 cu ft of mized paricle size, = (0 micron + -
10 mcron MVD, includizg at Ieast 1% of <he 10 N Cron XWp sise
zarticles alone or in combimtion with tie-bult loading of lzrger
sized particles.

Leakage thromgh defectixe weld: im the lower removal-
collection portion of the ssar=tor was. mt inrluded as a normal
separator penetration characeristic. s:rimgirg of fibers 6-8 in.
cut fromthe packed bef =zt Ae Femrator cuties seemed t0 be an
indication of bed deterioratiom sizce the packing WasS mot com-
pletely retained within the separzor homimg. However, since
this apparently did not imflience zmtraimemt ramoval efficiexcy;
zad since there was no chanos im Fnal 0.5 DOP efficiency of she
separator, this factor was dscommed.

agditional performance testimg =t ncider: comndétions.

D.5 TEST RESULT-S FOR ISCIDERT TEST

S,

The AAF Type ¥ Sepmator, as described fOr testing zt
ambient conditions (T-2I), wm subssquent'y tes:-operated (T- 24)
+ incident conditions of 271 F - £ psigin Run T34 Summazized
data arc presented in Tzbies D3 znf D4 ani im Figures DE and IS,
with additional observatioms as follows.

D.5.1 ETF Inciden% ‘:"ast Chmerrations

Fol | owi ng ETF imstellatior (Seczom C.2), the AAP Type
T Separator was operatef at mbisnt comditioms to get dry differ-
ential rpessure profiles at 1100 ant 1040 cfm, mted HEPA and
separator flows. Wth 3 psi ITF imfti=l #=r prsssure, 18 TX-1
nozzles generating 2100 lbs/ir of spproxmat=ly 100 M cron
entrainment | oading, full stemm was supplisd %o hring the ETF ap
to incident conditions. Desizzd corditiors of 271 F - 47 psig werse
reached within 1.3 hours; an zmiditimmal tiree hours Were requized
to get spray tenperature to 2TL F bzrausme af Ilimited heater cagaci=:

Entrainzment particle siz= of sooroxinat=1y 100 micron MVD varisd




TABLE D3 - AAF SEPARATOR INCIDENT TEST DATA SUMMARY

ETF Tast-ld
January 13)-14, 1971

Incident: 271r-47psi¢ @ 29° Baromstric
RH, §: O3 Miup 96 AV9¢ 98.2 Max

Tme Temperatures, T VPressures . Bpra L -1 U1 X T
2 faat—" SPFRY 2 xvrésauva DEoH pray (AT FepaTaTor
HEBA- Separator Exaohanger Spray iWater System inches wg Size ] Stream Removal Separator
out In ggg 12 Qut In Hater |psig psiqg HEPA  Separator | s MVD | CFM lba/hr Penetration
‘ ) ‘ . Q.08
0940 Ambient 0 Atmos 1.08 il 1140 Dry
D001 IV —1¥8 195 2015 1} - T30 1SR 2] 1314 TR0 T KpbevashIRG I RWTdsRY
1100 2110.8 iyl 2738 3148 1170 80 46.9 L.364 1.87% 100 1140 i 40-12% 18 ¢x-1
1200 270 31l 272.4 272 .4 178 80 ) ' ' o 1140 40-129% ] i
1300 | 27¢ 270.5 271.8 27).6 22 80 47.0 15 13 11.89 10100 1140 44164
1400 | 290.5 27L.8272.8 272, 2N 86 8.5 {.30% 1. 89 100 1140 50-160 Mo Visible
1500 269,5.370.9% 271.8 271.9% 372 (L] 4.1 b 394 1.89% 100 1140 45-17%
1600 370 111 '1’la i”t“ ',“< LEXE ] Rewew ‘v.“ ‘0” F540 jori 4 oL
17400 10 PR 21%.% 272,) YR k3 80 47.2 1.304 1.87 100 1140 95 .
1800 | 210 271 271.6 271.58 273 80 47.2 1.32 1.86 100 1140 100.0 v Measureable
1300 69,5 270 5 d71.6 270, % 273 80 47 .0 1.30% 1. 160 | 1140 57 3 X-1
2000 | 270 271 272.4 2712.Y% 273 | 86 471.6 1.30 1.82 100 1140 57 | Penatration
2100 | 270  272.4 271.4 2314 an 80 47.5 1.292 1.8) 100 1140 %7 ]
3200 | 270 371 27L1.9 27%.L 272.%] 80 47 .4 1.392 1.8 102 1140 53 ! at
2300 | a70 272 270.5 269.8 2713 80 47.6 1.31 1.80 100 1140 40-100
2400 270 271 270.4 269.5 273 80 1140 $S5 . any
0100 270 271 270.1 270.3 272,:| 80 05 45 1.356 180 17 A0 10 1140 40-100
0200 | 276,5271.5 272.3 27°0.3 272,81 1,388 100 140 4-9% Time
0300 | 270.% 271,95 270.7 269.4 73 i0 47.7 1.6 1,80 100 1140
0400 | 370.8 271.5 270,23 26%.,2 272.% Q71.6  372,8] 8¢ 47.9 1.36 11,90 LOO 1140 -1 f
LT & P RO O A DO ¥ 1 )8 3 D O i35 o8 ol + 3% 1T TR VA T 36 T 776 10 10 < T-X |
0600 271 272 0 270.8 27 1.7 271.8 271.8 172.5 ~rar .o vw PR , ‘1140 '
0700 270 271 270.3 269.1 370.8 271.3 273 3: 47.7 1.3 }.82 ] 1140 Vigible
0800 | 270 271 270,17 270.4 273,22 270 73 68 | 47,1 t. 9 80 10 1140 roy
9490 | 170 ng 210 1T1.) 369,7 28%.0  A1% §1 41,2 .38 §:99 10 1140 Entering
000 310 27 270.9 170.4 270.9 269.8 73 (3] 47.2 140 1392 1.80 10 1140 Separator
1100 | 270 271 270.7 270.85 272.5 269.9%9 273 10 1140 i. |
i%gg 270  tar  2fl1.6 271.7 272.9% 270.1° 273 | €3v  47.% 1.392 1.83 10 1140 v v
0T hr Entrainmens Time :
< Safora Test 5 : ‘ . Aftar Tast :
0.4 B 0.6 p DOP : "0, 3 1 BoP . ; 7.5 B IF
L R0 e S Plow bane 5¥ . rlow | Pena af  Flow Pena &P Flow
ITEM \ An, WG CPM L ORI V. T IR 1t ' inge erM . N dnawe  ery
Hapavatay K i 1000 :: a.g: 1;:2 L 1] i 1000 96 0,68 712
' : B 1) 0 - S 11 0.7y 1140
‘ A | T & Rt} 90 1.1 lais -
HEPA=12 0,008 0,88 1000 UL U,n8 . Lade g ' : E
‘ o



TABLZ D4 - AAF SEPARATOR .
AVERAGE CONDI TI ONS ™R ETF | NCl DENT TEST-24

Description Val ue
HEPA Qutlet Tenperature, F 271. 1
HEPA Inlet Tenperature, F 271. 1
Separ at or Cutlet Temperature, F 271.5
Separator Inlet Zemperature, F 271.1
Spray Water Tenperature, F 272. 6
Heat Exchanger Outlet Temperature, F . ‘ 273.4 - -
Heat Exchanger Inlet Tewmperature, F 272.5
System Pressure, psig ) 47.3
HEPA Pressiure Drcp, incies WC 1.08 dry-1.34-1.40 me
Separator Pressure Drop, inches WC- ;1.76‘, mj.n-_l,éﬁ_l-,l‘.sé na
System Flowrate, CFM 1140

Separ at ed Eatrainwvent:

115 p ®mVD, 1lbs/hr 250 and 2100
70 + 10 p MVD, lbs/hr 0
10 PKVD, lbs/hr <1l

Penetrated zZntraizment {Drapeut):

115 p ¥YD, lbs/hr 0
70 #10 p MVD, lbs/hr -
10 p WD, 1bs/hr 0
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| RESEARCH CORPCRATION

from70 mcron MWD at start-up to 115 mcron Mz at i-cidenz,

- based on tabul ated val ues for nozzle pressure drops resultizg wit:
E 80 psig supply to nozzles and 5 to 47.7 psig in the system spray
ar ea.

Separator fibers were again observed streaming out from
the back of the separator. Sone fibers seened io reac: the ZEPA
_face, 7 in. downstream of the separator.- The fiberglazss mat in
t he separator was bowed out >1/2 in. between the retaizer grid
openings. Al fibers were soon a nuch darker brocwn in color from
their original I|ight yellowgreen appearance. ¥any sm=ll -brown
[iquid droplets were observed clinging-to the- fiders streaming out”
of the back of the separator; their quantity did not =zppear Zo
increase enough to drop off these fibers and--di sappeared by -evapora~
tion wWithin 6-8 hours. The separated entrai nment water, renoved
through the rotometzars, was visibly brown in colsr. Mztted cl unps
of fiberglass were found in the lower drain reservoir sectiox oOf

the separator following this test.

No entrai nment penetration of tie Zepzratsr was visible
or detectable by impactor sanpling. No reentrai nnent genetrztion
dropout was observed or neasured. The defective weld zreas in the
| ower corners of the separator drain section had been sealed with
RTV-108 and gave no sign of |eakage, A water lewel was observed

| behi nd the fiberglass pads at the outlet of the separator; it did
1 not get high enough to flow over the outlet retainer fiange.

Separated water renoval rates were not constant-through
t he rotometers. They fluctuated widely at constant entrainment
| oading, Wth the 18 TX-I nozzles operating to . generate an .
entrai nment | oading of Z100 1lbs/hr, rotoneter readings varied
from 40 to 300 1lbs/hr as shown in Table D3 and im Figure D5. Sepa-
rator renoval rate seenmed to decrease slowly £b the low values,
then increase abruptly to the higher val ues, *Removal rates seened
to indicate partial plugging of the drain sectioms with fibergl ass,
resulting in gradual -internal accumulation af water which then
drained at rates greater than entrai nment Joading val ues.

Entrai nnment | oadi ng was reduced to 258 Ibs/hr of aporoxi-
mately 100 m cron MVD particle size by using only one bankK of-9
TX-1 nozzles. This occurred following the 18:00 reading in Zable
D3 and at the 9-hour run-tine on Figures D4 and D5. -Separated
water drain rates becane nore constant with only scccasisnal excur-
sions, as shown in Table D3 and Figure D4. There was po further
visible water |evel behind the separator pads. All-other obser-
vations remai ned the sane as at the initial higher entrainment
| oading, There was no visible or neasurable entrainment peneiratiom
during this extended period of operation. FEPA differential
pressure remained essentially constant at 1.3 in, WC after the
initial peak 'of 1.35 in. WC when incident conditions were first
att ai ned, Separator differential pressure decreased slightly to
1.81 in. WC from the initial sustained level of 1.89 with twiee the
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Rel ative humdity effect of annular sprays was checked
shortly after 2z4:060 (see Table D3} or 14.5 hours ruvz-time (See
Figure D4). Sixteen TX-1 nozzles, installed at the top of the
annulus above the separator, were used. Spray direction was
toward the HEPA, countercurxent to circulating air Zliow, as shown
in Figure 1. After one-half hour of annular-spray operation
drops of water were observed falling fromthe top of the inner
duct above the separator outlet with sone-being carried into the
"HEPA. Annular. spraying was discontinued at this point where

| eakage ot her than entrainment penetration could jeopardize the
separator test. A slight (4%) increase in the HEPA differential
pressure from1.31 to 1.36 in. Wo was noted. The relative humidit-
i ncreased approximately 1.75% to 97.42% at 270.7 F wet bulb and
at 272.3 F dry bulb fromthe initial 95.67% at 269.9 F.wet bulb
"and at 272.6 F dry bulb. During the balance of 258 lbs/hr of

100 =micron #VD |oading, the HEPA differential pressure rexained
constant at 1.36 in. NC and the seéparator 'differential pressure - -

.decreased slightly to 1.78 in. WC from 1.81.

o Fine {10 micron MVD) lcading was started at 0500 {Table -
Cl) and 18.8 hours run-time on Figures D2 and D3. |t was continuec
for about 6.5 hours, including one-half hour interruption for a
steam filter gasket replacenment. The TX-1 nozzles were shut off

and 30-15 psia steamwas used to operate. 8 or 13 1A atom zing
nozzles. Though a fairly dense fog was visible entering the sepa-
rator, no penetration was detected and nass renoval by the separato
was 'below limts of neasurenent: =2 lbs/hr. During this 10 micron
M/D test period, there was no detectable penetration,-not as
visible fog reentrainnent, as nmeasured (2-10 micron) impactor
sanpl es or as reentrained dropout. A slight pressure-drop increase
of 3% (1.36-1.40 in. WO) was detected for the nonitoring HEPA and
an increase of <3% (1.78-1.83 in. W) for the separator

g

D.5.2 HEPA Monitoring Summary of Inciden: Test

HEPA pressure drop at 1140 cfm test flow rate increased
30% from 1.08 in. WC at anmbient to 1.41 as incident conditions were
reached with- entrainnment |oading of =100 lbs/hr,. 100 nicron MvD.
This differential pressure levelled out at 1.3 in. WC (20% increase
from standard air) for the 100 micron MVD operation aver the range
of 50-100 lbs/hr. A 6% increase occurred during annul ar-spray test
| eakage; and a 4% increase back to 1.4 in. WC {30% above anbient)
was observed during the balance of fine (10 mcron M¥D) particles
at low {=2 1lbs/hr) loading. There was no significant change in
final 0.3 mcron DOP-differential pressure values of HEprA foll ow ng
the test. Integrity of the HEPA had been preserved &y the AAF
Separator under this range of incident operation.and for the lé-hour
anmbi ent tests previously conducted using this sane HEpa filter,
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5.5.3 Separator Performance Summary of |ncident Test

The AAF Type T Separator pressure drop at 1140 cfmrated
fl ow increased 115% from 0.88 in. WC at anbient to 1.89 at
incidsnt wWth =100 lbs/hxr of 100 m cron M/D entrai nment | oading.
This differential pressure decreased only slightly (105% above
ambiext) at |lower entrainnent |loading (50 - 2 1lbks/hr). Fine (10
microz MVD) particle size-operation indicated a slight final-in-

-crease to 108% above anbient.

Separator entrai nment penetration was below detectable
[imts during this entire period of operation. There was no visible
fog or reentrainnent penetration,, no neasurable reentxainnent drop-..
out, nor any 2.5-10 mcron-particle capture by impactor sanpling
"{Secticn 6) of the separator effluent. Def ecti ve separator corner
wel ds were sealed with RTV-108 and showed no further [ eakage. ‘
Droplets, initially visible on fiberglass strands outside-the
separator, evaporated within 6-8 hours.

Separated entrainment removal water was largely erratic
as indicated by rotoneter renoval rates, wvarticularly at-the
2330 ibs/hr, highest rate.tested. Partial plugging or other
restriction of the separated water renoval sections was indicated.
A water level, close to overflow ng the separator outlet flange,
was observed at this tine. No water |evel was visible at |ower
entraizment | oading rates. Renoved entrai nnent water-from t he-

separator was dark brown in color.

The fiberglass pad at the separator-outlet also turned
dark brown fromits original |ight yellowgreen-color. The non-
woven pad protruded 1/2 in. beyond the retainer grids at the sepa-
rator cutlet. Many (50-100) of the single gl ass strands broke
loose from this pad to extend up to 7 inches downstream of the
separator outlet face. Several clumps of matted fiberglass strands
were wvisible through the 2 in. water drain opening into the sepa-
rated watexr drain reservoir at the bottom of the separator, follow

ing Test Run T-24. These signs O fiberglass packing_deterioration
did not affect final 0.6 mcron DOP penetration measurements. The

0.6 micron DOP penetration renmai ned essentially the samé as
nmeasured before incident and before anbient tests, within limts of
accuracy at these higher penetration |evels.

D.6 COSCLUSIONS - | NCIDENT TEST

The aaF Type T Mst Extractor, as described and testead,
i s adegzate for HEPA protection service: Ent rai nnment renoval
efficieacy Was essentially 100% down to 2.5 mcron particle size,
based oz no detectable penetration down to<2 lbs/hr of 10 m cron
MVD entrai nnment | oading. Entrai nment |oading of 2100 1bs/hr,
1.5 1bs/1000 cu ft in the 100 mcron MVD size range IS perm ssible.

- - -

Ty mTnme ™ m e AL e .
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predicted fromthis test because of erratic entrai nment removal
rates experienced and because of visible water |evel near-the
outl et flange observed at naxi mum | oadi ng tested. Suggest ed
tenperature limt may be 271 F as tested. This is baseéi on t2e
apparent degradation of the binder in the fiberglass pads.
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E. MSA TYPE G SEPARATOR

An MBA Type G Misture Separator was' sel ected for
evaluation in this program Thi s separator gave no measurable
penetration at anbient conditions and was also tested at incideat
condi ti ons. It had been originally tested6 at 580 m cron MvD
entrainmént service. Prior to ETF revisions for 10 micron MVD
testing, this separator was satisfactorily test-operated at the

| ower ~~100 mcron MVD Size entrai nnent. Separ ator descri pt| on
and-test performance are presented in the foll ow ng subsections,

E.1 DESCRI PTI ON
Appearancé:w See Figures. 35 and. 36. for--photographs,

Type: "G", MBSA Separator Designation.

1234, Model nunber.

'ASK-1743-1234-7, Assembly drawing.

Knitted m xed-fibernedia packing,
retained by Qgrids on bketh faces. :
enclosed in a frame with flanges all
around for gasket sealing and with
| ower entrai nnent renoval provisions
for horizontal gas flow

Si ze: 24 ip. Wx 24 in. Hx 5 in. D, overall
3/4 in. wide flanges, all around both
faces.

3.5 sq ft face area, inlet and outlet.
1/2 in. '"diameter ~ 3 drain holes in
| ower outl et dorner.

B, Nat erial s FPiberglass fibers (9 p) and Type 304 SS s
< e (0.006 in-.) with 16 gage ties as reguire:.
Type 304 ss 16 gage case and grids,
Assembly: Al'l wel ded case and grids.
Multiple layers: of knitted media,
arranged for service requirenents,
laced with the tie wizrés as required.

Wi ght : 30 Ibs

Rati ng: 1600 cfm rated flow, 1000-2000 nominal

fl ow range.

1.0 in. WCAP clean, dry at 1600 cfr
anbient air.

1.5 in. WCAP clean, wet at 1600 cim
ambient air.

2.0 in. WCAP clean, wet at 1600 cf=
incident air.



20 ir. WC AP naxi mum recormended

650 lbos/hr, 6.8 1bs/1000 cu ft, maximmm
tested entrainment loading.

>99.3% remeval efficiency above 10 micron
particle size

>99% renoval efficiency in |-10 nicron
particle size (adequate for HEPA
protection)

>10% renoval efficiency based en 0.6
micron DOP (nominally 80'% 5%
penetration)

ETF INSTALLATION

The MSA Separator was ifistalled in the ETF with gensral
arrangenent as shown in Figure 1. The separator inlet flange was
gasket-sealed to position the separator above the' separator czse
sump, SO that the entrainmen'c renoved by the separator would Zrop
into this sunp for neasured renoval. The 5 in. deep separator
extended to wWithin 3 in. of the end of this separated water
collection sunp area as divided by the inner duct gasket. This

3 in. downstream duct section was not fitted for reentrainmenz
collection based on prior tests which indicated no penetratioz’
beyond the downstream face of the separator.- For anbient tests,
the 7 in. long Plexiglass sight section with collected water
removal provisions was used. This was followed by the final 3.2 i-.
long penetrated water collection swmps. Thus, the distance from
the outlet face of the Separator to the inlet face of the HEP:
was 22 in. for anbient tests, and 15 in. for incident tests, omittin
t he Pl exiglass section.

E.3 .. TEST RESULTS AT AMBIENT CONDI TI ONS

The MSA Type "G" Separator as described and installsd
was operated at ambient conditions during ETF Run T-19 in accord
with the general test plan of Section 4. Summarized data are
presented in Tables El and E2 and in Figures El, E2 and E3, with
addi ti onal observations as foll ows-

E.3.1 ETF Ambient Test Observations

Air circulation rate was started at 1000 cfm to get a
differential pressure profile at EEPA rating. |t was then increas:z
to the separator rating of 1600 cf= for this differential pressure
profile and held at rated separator flow for the bal ance of testinc
under entrainment conditions, Cooling water to the heat exchamger
was adjusted as required to keep the circulating air stream tsmper=
ture fromescalating. A series of photographs was-taken to illus-
trate separator installation and cperation. Impactor sanples wers
taken during 10 micron MVD operatica, as discussed in Section 6;
no 1-10 mcron particle penetration was detected.



TABLE El - MSA SEPARATOR PERFORVANCE DATA
ETF Test-22
November 24, 1970
. Atmospheric Pressure
3 RH: 98% start, 100% @ 1712
[T ima Tamparatiren *F Rranauras. .. Spray Elod Rntes
float Spray Pressure Drop : Gas Separator
HEPA Separator Exchancer Spray, | Water inches 4G Size Stream Removal Separator
Out In Out In Out In Viater: psig HEPA Sevarator u MVD CFM 1lbs/hr Penetration
0823 ) 0.9 0.44 1000
0827 . oohmbient 9 1,32 0492 ,&%no Lry
BEEL] W W LASY' B2 Y LEYY R AT va Vi 40 o4 9,33 100 )
0902 92 89,5 89.5 93,5 98.5 96.5 95 40 1.62 0.97 100 1600 45
10915 : 96 40 1,62 1.0 100 1600 107.5
110933 91 89 89 91 96 97 94 - 40 1.62 1.02 100 1600 232,5 No
0955 . 92.5 90 90 90.5 97 98.5 a5 40 1.65 1.03° 100 1600 344
1018 ¢ 4y 44 L. 06 1,04 100 1600 421.,5 visible
1036 | 90.5 68 88 88 96,5 97 76 40 1.66 1.05 100 1600 456.
1055 ' 90,5 7.5 87,5 .87.5 93 97 74 40 1.69 1,06 100 1600 486 or
1115 ) 73 80 1.69 1.12 70 1600 622.5
T34 76,5 B3 gd k2 J3 87 73 80 1,65 12T 70+10 1600 [4:2) Measurad
1207 84 8l.5 81,5 82 86 4.9 12 80 Lot 147 - 10410 1a00 G910
Ladd 73 a0 1.67 1,32 70+10 1600 641 Panetration
1313 84 8l1.5 8l.5 . 82 86 84.5 73 80 1.68 1,38 - 70410 1600 643
1340 1 83.5 81,5 B8l.5 81,5 86 84,5 73 80 1.68 1,40 . 70+10 1600 642.5
13127797 30.5 9505 91593 51 §+2 1,75 1,27 10 1600 :
1450 ; 93 91.5  91.5 92,5 94 93 “Mr 1:73 1,42 10 1600 2,31
isis 92 Y1n,95 . 90,8 g3 93 3.8 118 b0 e 1a0d- 2.5
1649 | 92 80,5 90,5 91.5 93 92 1.4 1.06 10 1600
1721 " : :
5.0 hrs Total Entralnment Time
. Before Test AfEer Test ] . !
0,3 1 DOP 0,6 u DOP J.3 u DOP ] 0,6 p DOP
Pene &p Flow Pene ap Flow Pene op Flow Fene 33 Flow
ITEM ;3 in.yc Moty 3 JnalG GEM A Andic CrY. ) in.s L GrH
HEPARATOR © 96 0,42 1000 92 0.43 1000
: . . b 80 0.3%0 1600
. 74 1,32 2000
HEPA~1 N.001 : 0.9¢C 1000 1001 0.87 1000

£~



TABLE E2 - |SA SEPARATO
AVERAGE CONDI TI ONS FOR ETF TEST 23

Itea Descri ption Value
1 HLPA Qutlet Tenperature, F £9.0
2 HEPA Inlet Tenperature, F £7.6
3 . Separator Outlet Tenperature; F 87.6
4 Separator Inlet Tenperature, F BS. 7
5 Spray Water Tenperature, F 82.5
6 ‘_ ~ Heat Exchanger Qutl et Temperature, F 82,5
7 Heat Exchanger Inlet Tenperature, F 92.0
8 System Pressure, psig Atmospheric
9 HEPA Pressure Drop, inches WC 1.52 dry-1.€656-~-1.7¢ &=
10 Separator Pressure Drop, inches WC 0.93 dry-1.18-1.40 ma:
11 Separated Entrai nment:
100 p MWD, 1bs/hr 45 to 486
70 + 10 p MVD, lbs/hr 651
10 p MVD, lbs/hr 2.5
12 Penetrated Entrainment (Dropout):
100 p MVD, lbs/hr 0
o 70 + 10 B HVD, ibs/hrx 0

10 Pr-ivo, 1bs/hr 0
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Entrainment was initiated at a low rate (45 lzs/hr) of --
large (100 micron MVD) particle size, using one bank of TX-1
nozzl es operating at 40 psi. No penetration of fog or reentrzin-
ment was visible. Separated entrainment water drained cleanilr,

w t hout splashing, fromthe |ower rear separator Zrain *oles intc
the renoved water separator sunp below. Large particle size
entrainment |oading was then increased in steps until ail 108 TX-l
nozzles were in operation, vyielding an entrai nnent removal rate.

of 486 lbs/hr with no det ectabl e separat or penetrztion.

Fine (1-10 mcron) distribution of mxes entrai nnent
size was then increased-by- raising the TX-I nozzle pressure to
80 psi, approximately 70 mcron MVD at 623 lbs/hr loadirg. Tc
this, then, was.added the total output of 10 microan MVD particles
fromthe thirty-nine 1A nozzles for a 651 lbs/hr maximum test
| oadi ng of m xed size entrainnment. No entrainnment penetration of
the separator was detectable at any tine. Separated water removal
was observed as steady streans entering the separated water rsmova:
sunp directly bel ow the separator, w thout splashing, despite a
2-3 in. fall. Within the separator, the water lewvel was alwars
wel | beiow the |ower outlet flange. There was no vi si bl e change
i n nmedi a appearance throughout the test.

Further fine (1-10 micron) entrainment performsnce was
checked by turning off all the TX-1 nozzles and |eaving only the
1A nozzles in operation for 2.5 1lbs/hr of 10 micron MVD entrainmer+
| oading. Aside from reduced separator differential pressure at
the | ower |oading, no changes were detectable. The HEPA differen-
tial pressure seemed to be peaking out at 1.75 in. WC. So pene-
tration of any type was detected: not by impactor sanpling, wvisible
observation, nor by collection in any of the penetration sumps.

E. 3.2 HEPA Monlggrlng Summary of Anbi ent Test

HEPA pressure drop increased 15.8% frozl.52 in. wC
at anbient and 160C cfmto 1.76 in. WC maximum reached near the
end of-the entrai nnent test, T-22. Rate of EEPA 4dif fererntial
pressure increase was fairly gradual (see Figure El}over the-
duration of the test run.: One-third of the HEPA differential
pressure increase occurred initially at |ow entrairment | oadi ng of
large particles. The balance of HEPA differential pressure
increase occurred without relation to increased entrai nnment |oading
or to decreased particle size. Total BHEPA noisture gain was 0.6
lbs water by weight difference following test T-22. This was svapc-
rated during final differential pressure-DOP tests following test

operation.

E.3.3 Separator Performance Summary of Anbient Test

Pressure drop of the MSA Type G Separator, at 1500 cfn
rated flow with anbient air only, was 0.93 in. WC as showx in
Figure El.  This was increased proportional to entrzinment loading,

roarhin~ 1 A 3n T IB1Q Jmmmamee meemee oLt -~ -
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period of operation at maxi mumtest |oading of 650 lbs/hr,
6.8 1lbs/1000 cu ft. Reduced loading to 2.5 lbs/hr of 10 m cron

| MVD particles |lowered the wetted separator differential pressure
to 1.06 in. WC, a 14% i ncrease over starting dry val ue. Fl ood-
ing entrainment capacity was not reached in this test. No
separator entrainment penetration was detected at any time during
t hese test conditions.

E.4 CONCLUSI ONS - AMBI ENT TEST

The MBA Type G Separator performed an excellent job of
entrain-nt separation under conditions tested. Renoval effi-
ci ency was .essentially 1060%.down to0-2.5 nmicron particle size,
based on no detectabl e penetrati on. Perm ssi bl e entrainment
| oadi ng capacity is 16.8 1bs/1000 cuft of mixed particle size
=70 mcron + 10 mcron MVD. Renoval efficiency remins essen-
tially 100% at entrai nment |oading 22.5 lbs/hr of 10 mcron

particles.

The 0.6 mcron DOP penetration response,. ~~82% pene-
tration -- 18% renoval efficiency, indicates probable renova
efficiency for the larger 1-10 mcron water particles.

The MSA Type G Separator was considered suitable for
addi tional performance testing at. incident conditions.

E.5 TEST RESULTS AT | NCI DENT CONDI Tl ONS

The Msa Separator, as described and tested at ambient
conditions, was subsequently test operated at incident conditions
of 271 F - 47 psig. This 4€parator test, T-23, served a two-fold
pur pose. First, to debug the ETF at incident conditions, with
respect to the revisions made as discussed in Section 3.1. And
next, to subject the MSA Separator to the fine (10 mcron MVD)
entrai nment size under various conditions. An MSA Separator
(SIN 1234-1) of this type had been previously tested (T-14) as
satisfactory down to 75 micron MVD particle size. Thus ETF upsets,
as problens arose during incident debugging, would not obscure
any limtations of a separator having no prior operating history
at these higher tenperature-pressure conditions. Summarized data
of this ETF test run (T-23) are presented in Tables E3 and g4 and
in Figures E4 and E5, witk additional observations as follows.

E.5.1 ETF |Incident ¢bservations:

Fol l owi ng anbient tests of this MSA Separator as
described in Section E 3, it was reinstalled (Section E 2) in-the-
ETF, together with the same nonitoring HEPA filter. Initial
operation was with anbient air to get pressure drop reference
profiles at 1000 and 1600 cfm rated BEPA and sevarator fl ows.
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TABLE E3

CTP Tart-23
January 6-7,

Incident: 271F-47 psi

Rily %1 91 min.-95/

MSA SEPARATOR PERFORMANCE DATA

1911

@ 29.35° Barometric

Avg-98.8 Max

e na) S Yrcasures BpEay Flow Rates
- - CITRTEESTTT I Haagt™ TEFay Pressure Brop %ﬁ' cam icparaiot Separat of
un HEPA Saparator Exchanger "Spra Water System in, 2 size - emova [
hr_ Time| Out In gt In ODuE In Water psig ;Lig nm’rﬂi%%acor puvo [ CPM lbs/hr Penetration
j j : ' p.ud 0-4% To00 '
168 1654 15 4 1729 181s ITLE 18 Atmos, 1,55 0.88 1603 Dry
10307 . 169.4 aveis eumew ars Tnoreasling TS 600 Startup
1 |1000] be1 s 2509 239.9  260.6 260.7 260 18 i
2 112000 271.2  969.7 269.1 210.2 212.6 21l.4 241 115 46.5 1.348 1.49 125 1530 18
3 11300{ 271 210 210 210.3 272.9 111.1 262 15 46 1.948 1.51 125 1530 55 TX-1 No
4 |14004 271.5 270.6 270.6  270.9 '273.9 272,53 268 7% 41.5 "1.824 1.55 125
5 (1%00| 271.% 271,83 371.8 272 2715.2 274,1 272 75 . 47 2,044 1.72 125 h%ﬁ(ﬂ 55 visible
1530 | 271 271,58  270.4  265;9 273,1 172.) 272 78 47.2 2,044 1,12 128 52
G L1600 | 271 72 ST I T L. 273.8 7L 5T T8 47.2 B T..2 115 600 25 1\ or
7 1700 271 212 270.7  210.2 273.7 272.6 272.¢! 80 47.4 2.63 1.79 115 1600 33
17303 270 291 270.6 270.2 27%.1T 211 273 80 41.3 2.068 1.82 115 1600 29 9 Maagsureabl
5 lisoej 271.5 212.5 2715 212 _ 213 272.4 272 a0 48.. 2.136 1.66 115 X
9 11930} 270 271 270,10  271.6%74.6.8..273.6 213 80 41.8 2.10¢ 1.88 115 1600 29 l Penatratio
et 271,86 211.5 273.4 273, 47.3 2.20 1.85 115 1400 21 %1
{075 2030 270 3707 260 3 I0.A8.ecR.1 271 .4 Z/éo | 76.6 P28 T S 0000“ 1%%% 0 p;xticles did at
| 2130 269 270 269: 7 21,2 263.5 271.1 s Condensi n m_46.6 2,12 1.49 | not reach separator
. M )0 T i DO i I W 1] 80 i 6 312 .5 I 115 1 LY A any
: ] ) 2121 212.9 273.3 272 80 47.2 2.138 1.83: 11s 1289 26 9
14 0100 1 27108  271.S 269,77 269.8 27603 < 272.5) 80 2,132 1.84 11s T*-1 Time
273 M 80 if.2 2.158 1.81 115 1600 217 '
15 10200 271 272 270.8 -271.1 2756 273 890 41.8 2.164 1.86 115 1600 217 1
16 " 0300 !l 210.5 271.5 2704 270.7 274.2 273 80 47.3 2.172 1.65 115 1600 26
—ar —rene rmee mione Steam YA 2.18 1.73 T0 888 <1 9
175 0330, 0430 \ ma 27376 227285 227136 272, B 274 53 47 2.20 1.49 10 1 : 1-A
l9.8. 6530 0L 25 omsorz L4 26O 269 my 208 2023 mm 54 48 2.16 1.52 10 1600 )
‘ 53 46.8 2.16 1.51 10 1600 Visible
01304 210.5 2715 2112 210.9 268.8 271.9 211 53 47 2,158 1.51 10 1600 Fog .
21 "osoof a7l . 272 271,7 . 271.6 271 271.1 271 53 47 2.128 1.52 10 1600 Entering
21 109004 270.5 271.5 267.6  262.2 262,2 1263.7 271 53 47.8 2.132 1.52 10 1600 separator
,0930 | 270 271 270.3 270 271.3 2717 56 46.7 2.128 1.52 10
R 1030 | 270.5  271L.5 271.4 ' 271.1 27L.2 271.2 . 54 46.1 2.124 1.52 10 11668%
4§ 4
j hrs Total Entralnment Time
PEToTe Tuat e -
4.3 Tt DGP A ADAP .3 u DOP Afier est 0.6.4. DOP
Pene AP Flow Pene AP Flow Pene ap | Flow Pene AP . - Flow
ITEM % in.wC CFM 3 in,WC CrM ) in,We CFM \) in.we (4]
BUPARATOR 96 0.42 1000 92 ¢.4) 1000 92 0.43 1000
‘ 80 0.90 1600 82 0,388 1600
74 1.32 2000 76 1.28 2000
“HEPI\-I . 001 0.87 1000 . 0.001 0.90 1000

013
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TABLE E4 - MSA SEPARATOR
AVERAGE CONDI TI ONS FOR ETF | NCI DENT TEST- 23

Item Descri ption Val ue
1 HEPA Qutlet Tenperature, F 270. 8
2 HEPA Inlet Tenperature, F 271.5
3 Separator. Qutlet Tenperature., F - 270.1 - -
4 Separator Inlet Tenperature, F 270. 8
5 = Spray Water Tenperature, F | 271.9
6  Heat Exchanger Qutlet-Tenperad&e, F 272.2
7  Heat Exchanger Inlet Temperature, F 272. 4
8  System Pressure, psig 47.2
9 HEPA Pressure Drop,.inches “W: 1.55 dry-2.11-2.2 nax
10 | Separator Pressure Drop, inches WC 0.88 dry-1.67-1.88 nax
11 - System Plowrate, CFM 1600
12 Separ at ed Entrai nnent:
125 B MD, 1bs/hr 55
115 p MVD, lbs/hr 28
10 A WD, 1lbs/hx <1l
13 Penetrated Entrai nment (Dmg:mt)
125 p M‘Jﬁ ’ k’,v‘ibs/hr 0
115 p WD, lbs/hr 0

10 p MVD, lbs/hr 0



s1y - swyl wny

61 BT LT 9T ST ¥1 cTt1 11 01 6 :
JoTLT ‘Bysd Ly ‘WID 0091
‘£Z-1 ONI¥AG LNIWNIVHLING puw
MOTd YITA SJ0HQ NUNSSTEd
HALTIA Y4 OHIMOLINOW puw
HOLVHVEIE VOW VmH -OH...H
g T
I
r
i
i
N
, ey B
§
€1 m
: ©
e
* | 2 QIR I
3
$'1
, &
o'r &
L1
=8°1
61
0'z
1z
L84
£z




: . e BIY - SWTYL uny
_ ‘ 1t ot 6

~ 93ey Taaoudy Jvsuurtex3zuy

dKns
HOLVYVdIs
) AQ TV
N . (-]
e 0
1
: H

et
NERUDBPUOD ;
: S

1. . PR
TIOILNVA XWIdS

aiad - v

ERTTIRS P

wrsd Ly ‘aTLT ‘3D 0091 f€z-1

d2IS AVddS/H NOTIIVMLINIG

DUR TVAOWNIY LINIMNIVHLEY
JOLWVUVYITIS VS - 6 *9IJ




RESEARCH CORPORATION _

ETF startup for incident conditions was begun by ini-
tiating large entrainnent with two banks of TX-1 (18 nczzles)
operating at 75 psig for approximately 75 m cron MVD particle
size. Heat-up was'with the spray water heater and by the newly
installed indirect steam heating of water in the bottom of ths
ETF. Several problens, including |eakage, soon devel oped in *he
areas of ETF revisions made. Solving these obscured initial
pressure drop profiles until flow rate was adjusted back to
-1600 cfmas shown at 14:00 in Table E3, after three hours run-
time on Figure E4. Pressure drops then reached 2.05 in. W fcr
the HEPA and 1.72 for the separator and renai ned at these valmes
for the next 1.5 hours, during which incident tenperatures wers

reached.

Large entrainment |oading was reduced at 16:00, 4.5 hours
-run-time, by turning off one, bank of TX-I nozzles. \Wen removed
entrainment. fell-to 25 lbs/hr, spray pressure was increased to
80 psig, 115 micron MVD at 30 lbs/hr |oading. -Separator differ-
ential pressure increased from1.71 to 1.79 in. WC and HEPA pressux
drop fell from2.05 to 2.03 in. WC by 17:00, 5 hours run-tine.

Rel ati ve humidity effect of annular sprays was then
tested. A bank of 16 TX-1 nozzles had been mounted in the anralus
above the separator; discharge 'was toward the HEPA, 'into the
return air stream Pressure drop of the separator continued izs.
previous rate of increase, reaching a maxi mumof 1.88 in. W, I14%
above anbi ent, and now. ‘the HEPA began to show a steady differextia>
pressure i ncrease (8% from2.03 to 2.2 in, WC, 42% above ambient.
WAt er was observed leaking into the separator effluent stream from
the annul ar spray area above. It was | eaking through a defective
duct seal weld;dropping on the impactor sanple nozzle and splashirc
in the gas streamentering the HEPA. Annular sprays were secured
followng 1.5 hours of operation, and HEPA differential pressure
remained at 2.2 3in. WC.Relative humdity had increased about
1.3% in reaching 97.9% at 272.6 F dry bulb and 271.3 F wet bul:
fromits starting value before annul ar sprays of Sﬁﬁs% at 273.7 F

dry bulb and 271.6 F wet bulb.

Entrai nment generated by condensing steam was tested
next for a period of alnbst two hours -- 19:30-21530 in Table 3
and 8.7-10.7 hours run-tine on Figures E4 and E5. Al|l TX-1 nozzles
wer e shut off and separator differential pressure promptly dropped
from1.85 to 1.58 in. ®WC and continued to fall to 1.49, 70% above
anbient. HEPA differential pressure decreased from2.2 to 2.12 in,
WC, 37% above anbient, and remained at this value during this can-
densing steam peri od ~of operation.  Separator removal rate dropged
to zero and no visible fog or |large entrai nnent was seen reachiig
the separator, |ocated about 5 ft downstream of the finned heat
exchanger. The heat exchanger was operated over the range of 0.5 tc
5 g-pm cooling water supplied at approximately 60 F. Heat removzl
duty was equivalent to condensing 40-400 | bs steam/hr at 270 F zulus
a 1-4 F gas streamtenperature drop. This condensate was in the
form of | arge (10600-10,000 micron) particles carried off all the




=15

[YX=E2Y RESEARCH CORPORATION

cooler fins like a heavy rain. Mst of the.droplets |anded witiin

6-12 in. downstream of the cooler. None were observed | anding
further than 24 in. downstream or remaining entrained beyond that
point. Cooling rate did not visibly affect-the size of zarticlas

generated, only their concentration. \Wile the ccoler was in
operation, the relative humdity showed a slight decrease from
97.9% (1.3°A DB-WB) to 95% (3.1°A DB-WB). Thus, reactor operation
of this type is nore likely to be at 95% rel ati ve humidity t han
at” saturation (100% values currently predicted.

Large entrai nnment test operation was resuned for an.
ext ended 6-hour period using one bank of nine-TX-1 nozzles at
80 psig (115 micron MVD, Figure ES). This gave a separator remsval
| oadi ng of 26.5 lbs/ar at 1.85 in. WC pressure drop. Penetration
remai ned below limts of detectability. No visible fog or re-

entrainpent, NO measureable reentrainment from the penetration
sunp, no significant change in HEPA pressure drop {2.12-2.17), and
no detectable fine'particle penetration measurable by the impactor

wer e observed.

Fine (1-10 mcron) particle distribution of m xed
entrainnent was initially- increased by turning on the steam tO czne
bank of eight 1A nozzles to test nozzle operation with steam.

After 20 mnutes (16.7 run-tine hours on Figures E4 and ES) , &ps

TX-1 nozzles were turned off and only 1A nozzles were used for

better study of 10 micron MVD perfornmance.. The output of the _
single bank of eight 1A nozzles was observed as a stratified layer
of fog in the central portion of the stream |eaving the heat
exchanger, together with an appreciable nunber of large droplet3
falling off the heat-exchanger fins and dropping out of the strsam
8-20 in. downstream of the cooler. The fine mist was more dispersec
before entering the separator; no |large droplets were visible,
Entrained fog density visibly increased when a second bank of 1a
nozzl es (13 total) was activated. At ts to use additional 1x
nozzl es were unsuccessful because of the |ow steam pressure avaii-

able -- because of the plant steam demend due to extremely cold
weat her . Operation was continued for the remuining seven hours

of test time using 8 or 13 nozzles. No penetration was noted
visually or by impactor neasurenents.

E. 5.2 HEPA Monitoring Summary of Incident Test

HEPA pressure drop at 1600 cfm test flow rate increased
32% fronml.55 in. WC at ambient to a maxi numof 2.05 in. mc,
reached at incident conditions including entrainnent | oading of
29-55 1bs/hr, 115-125 mcron MvD size. Duct |eakage duri ng i
annul ar spray OBeratl on increased HEPA pressure drop to 2.2 in. WC
maxi num 42% above ambient. This differential. pressure decreased
to 2.12 in. WC at the-end of the 10 m cron MVD testing at the
<1 lb/hr renoval rate. There was no final change in 0.3 micron
pop differential pressure values of the HEPA foll ow ng this test,
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Integrity of the EZPA had been preserved by the XsA Separator
under tihis range of incifent operation and for tks 8.6 our
anbi ent test previously conducted using this sanme HEPA Zilter.

2.5.3 Separ at or Performance §A@?ry ol IncizZent Test

MSA Type G Separator pressure drco at 1300 cfn rated
flow increased 1145 froe 0.88 in. W at anbient = a maxi num o=
1.88 reached at incident with 29 1lbs/hr of 2115 micron MiD entrzin- .
nment | oadi ng. The differential pressure increase with tigher
loading was negligible {i% increase from 29 to 55 1lbs/hr}. At
essentially wetted condition only, O/ 1lb/hr loading, differenzial
pressure decreased to 1.32 in. WC, 73% above anbient.

Separator entrai nnent penetration was bel ow detectable -
limits during thi s entire period of operation:- There was no -- --
visible fog or reeantrainment penetrati on, no meastrable reentrzin-
ment penetration collection, nor any 2.5-10 microm particle
capture by impactor sanpling (Section 6) of the separator efflment

gas. There was no vi si bl e change in separator apgearance durirg
and followng this test. The 0.6 micron DO? respmse remained
unchanged fsllowing incident test operation.

E.6 CONCLUSI ONS - INCIDENT TEST

The MSA Type G Separator, as described zmd tested, is
adequate for HEPA Protection service. Entrainment renoval effi-
ciency was essentially 100% down to 2.5 micron particle Size, »nzges
on no detectable penetration dawn to <1 lb/ar of 19 micron MVD
Si ze entrairment loading.. Maximum entrai nnent loading tested was
55 1bs/hr, 0.57 1bs/1000 cu ft of 125 microan MVD partficle SIze;
Since the separator had handled 6.8 1lbs/1080 cu # at ambient
conditions, it is assumed the sane |oad coul d have been =zndleg
at incident conditions.
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